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CHAPTER I

GENERAL DESCRIPTION

1-1. PURPOSE

The MEC (Milgo Electronic Corporation) Model 77 Digital to Analog Converter provides

seven channels of digital to analog conversion with outputs and reference voltages suitable

for plotting on high speed analog plotting boards.

I-2. PHYSICAL DESCRIPTION (Figure i-I and l-Z)

I-Z. I. The Digital to Analog (D-A) Converter is housed in a single relay rack ap-

proximately Z4 inches wide, ZZ inches deep and 74-i/8 inches high. Its weight is approxi-

mately 674 pounds. All chassis are of modular construction and employ 50 pin connectors

to effect the connection of each chassis to the rack wiring. The location of each chassis is

illustrated in Figure I-i.

I-Z. Z. Two +Z50v Power Supplies (MEG Model 1576-4A) are located at the top of

the rack; the "A" Supply on the left and the "B" Supply on the right. Directly beneath are

the -Z50v, -560v "A" and "B" PowerSupplies (MEC Model 1576-3A). These Power Supplies

furnish the necessary operatingvoltages for the DC amplifiers positioned throughout the rack.

1-2.3. Below the -Z50v Power Supplies are four dual DC Amplifier Chassis (MEC

Model 63-4C), three of which operate in conjunction wlth the three Data Summing Units

(MEC Model 77-5A) located directly below each DC Amplifier Chassis. The fourth DC

Amplifier Chassis, labeled Reference DC Amplifier in Figure i-1, contains the reference

ampIHiers which generate the +35 and -35 analog reference voltages. Each of the four DC

Amplifier Chassis contains two individual DC amplifiers designated A and B.

l-Z.4. The Monitor Chassis (MEC Model 77-4A), located directly below the Refer-

ence DC Amplifier Chassis, provides meters and selector switches for monitoring all

operating voltages through the D-A Converter. The two rack sections below the Monitor

Chassis and the three Data Summing Chassis are occupied by the four remaining dual DC

Amplifier Chassis and their associated Data Summing Chassis. TheDataSummlngChassls

contain the necessary relays and precision resistors engaged in the D-A conversionproces s.

I-Z. 5. DirectlybelowtheDataSummingChassis are locatedthe Chopper Drive Chassis

(MEC Mode177-gB), the Reference Chassis (MEC Model 77-IOA), and the Control Chassis

(MEC Model 77-6A). TheChopperDrlveChassisgenerates the 94 cycle voltages necessary

to drive the choppers in the stabilizer portion of the DC amplifiers. The Reference Chassis

contains the internal _35v analog reference voltage circuitry, in addition to the detection

i-I
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circuits which automatically switch from external to internal reference voltage at the

occurrence of external reference voltage failure. The Control Chassis contains the

STANDBY and POWER switches used to supply a-c power to the Power Supplies, and detec-

tion circuitry to detect failure of the operational Power Supplies. All Power Supplies are

duplexed in the D-A Converter, and in the event of failure to a critical Power Supply, the

detection circuits will automatically select the standby Power Supply causing it tofurnish

rack operating voltage. The "A" Power Supplies are the primary or operational supplies,

and the "I5" Power Supplies are the standby Supplies.

1-2.6. Located below the Chopper Drive, Reference, and Control Chassis are the

Transistor Power Supplies (MEG Model 165-4C): the 'tAt' Supply on the left, the '_B" Supply

on the right. These supplies furnish +lZv, -Z0v and -85v to the transistor circuitry through-

out the D-A Converter.

1-2.7. Atwo speed Blower, capable of delivering 400/500 cfm. for internal rack cooling

is located at the lower front of the D-A Converter rack and should be operated at high speed

at all times during operation.

1-2.8. In the lower rear of the rack is a mounting bracket, on which are mounted the

input and output connectors; an a-c line voltage switch (S1), two input fuses (F1 andF2_

and two red indicators (DS1 and DS2). The switch S1 is used to apply a-c power to the rack.

Indicators DS1 and DS2 glow when switch $1 is in the ON position as a warning to personnel

operating the unit. TheD-A Converter power supplies may now be energized by utilizing the

STANDBY and POWER switches located on the front panel of the Control Chassis. The D-A

Converter normally operates fromtwophasesofalZ0vac +10%, 60 :L 5 cps three phase system,

however, it may also beoperatedfromsinglephase, 1Z0vac, 60cps by connecting input phases

1 and Z together {Pins A and E on Figure 2-1) on the input power connector JZ8. Phasel

current requirements are 4 amperes; phase 2, 5 amperes.

1-3. INPUT SIGNALS

Data input signals to the D-A Converter consist of ten parallel data input lines per channel, plus a

"Read In" line which compels analog output voltages to maintain their previous levels during

the arrival of new data on the input lines. A binary '_O" or non-significant control signal is

represented by a voltage level of0v _l/Zv. A binary "1" or significant control signal is rep-

resented by a voltage level of -17v :_3v. The "Read In" line is normally at 0v_l/2v and goes

to -17v +3v thus causing the DC amplifiers to "hold" during the read in of the new data. A

+35v external reference voltage may be applied to the D-A Converter when it is slaved to

associated analog equipment. If a +35 source is not available, the Converter is capable of

generating its own internal _35v reference voltages.

1-4. INTERNAL OPERATIONS

There are seven independent channels of digital to analog conversion utilized in the D-A Con-

verter. Each channel converts ten bit words of binary weighted digital information into

smoothly varying d-c analog voltages corresponding to the pattern of digital information

received.

1-3
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1-5. OUTPUT SIGNALS

There are seven individual channels of analog voltage outputs. The output voltage excursions

may swing from +35v to -35vI +35v representing a received digital signal pattern of all "l's it,

-35v representing a received signal pattern of all "0 Is''. In addition, internally generated

reference voltages of +35v and -35v are provided as outputs to ful,nish reference voltages to

associated analog equipment, if required.

I-5



CHAPTER II

THEORY OF OPERATION

Z-1. GENERAL (Figure 7-1)

Digital data is applied to the D-A Converter via connectors J_9 and J30 located at the rear of

the base of the Converter Rack'. Since all seven channels operate in a similar manner, only

Channel #1 will be described.

Z-1.1. The ten inputs for a given channel are inserted in parallel, the "1"-"0" digital

signal pattern being determined by the associated digital equipment. The input signals are

conducted via rack wiring to the Data Summing Chassis corresponding to the given channel.

The Data Summing mercury-wetted relays are energized by the "l's" (-17v levels)and are

de-energized by the "0' s" (Ov levels). When the relays are in the "0" state, certain contacts

of the relays shunt the binary weighted precision resistors in the feedback loop of the given

channel's A DC amplifier, thereby providing a means for varying the gain of the DC amplifier.

The output of the A amplifier (amplifier #1 in analog channel #1) is applied to the resistor

network consisting of R51Z, R513, R514, and amplifier B (amplifier #Z in analog channel #1).

The output of amplifier #Z now corresponds to the desired analog voltage associated with th'e

"1"-"0" pattern received by the Converter. Approximately 1 millisecond before a new da_

word is sent, a signal of approximately 5 milliseconds duration (referred to as the "Read In"

signal), energizes the "holding" relay, K501, which dis_connects the input to amplifier #_. The

output voltage of amplifier #2 is not permitted to change, but is held to its previous output by

the . 5/_f capacitor C502, which is connected across the amplifier. Within 5 milliseconds tl'et

the input to amplifier #_ is disconnected, new digital data is inserted and a new'l"-"0" pattern

is set up in the relays. Because of the relay drop-out and pull-in time delay, it is necessary

that the holding relay keep the input to amplifier #_ disconnected long enough for the relays to

go to the new "1"-"0" pattern and stabilize before reconnecting the input to amplifier #2. Be-

cause the gain of amplifier #1 is a function of the number of resistors in its feedback loop,

rather large output excursions of amplifier #2 could occur if one of the relays shunting a large

binary resistor in amplifier #1's feedback loop is in a transient state at the time the input to

amplifier #2 is reconnected. Jk more detailed description of the operation of the digital to ana-

log conversion process is found in section 2-2.

2-1.2. In the left center portion of Figure 7-1, is the a-c power switching circuitry.

120vac phase I is applied to pinA of the a-cconnector J_8, 120vac phase 2 to pin E, and the

120vac common to pin B. If desired, this equipment can be operated from single phase by

connecting pins A and E together to the "hot" side of the a-c input line. For the protection
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of maintenance personnel, a-c power may be switched off by power switch SI, located at the

lower rear portion of the rack. Fuses F1 and FZ, also located at the lower rear portion of

rack, protect the rack cabling. Indicators DSI and DSZ, located at the lower rear portion of

the rack, indicate the presence of phase I and phase Z a-c line voltages as a warning to

personnel. The STANDBY and POWER switches, located on the Control Chassis are intended

for manual control of a-c power. The STANDBY switch, $604_ energizes the filament trans-

formers located in the +ZS0v and -Z50v Power Supplies and activates the rack Blower. The

POWER switch $605, energizes the high voltage transformers located in the +Z50v and -Z50v

Power Supplies and the power transformers located in the Transistor Power Supplies.

Z-I.3. Power Supply voltages are monitored by meter M401, located in the Monitor

Chassis. In the lower right portion of Figure 7-I is meter M40Z of the Monitor Chassis

which monitors the seven analog output voltages in addition to the analog reference voltages.

The remaining circuitry in Figure 7-1 consists of the analog internal reference voltage

circuitry, and the power supply and reference supply failure detection circuits. These

circuits will be explained in detail in the description of the respective chassis.

Z-Z
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Z-2. D-A CONVERSION

A simplified Block Diagram of the D-A Conversion System of channel #1 of the D-A Converter

is illustrated in Figure 2-1. All items illustrated in this figure are contained in the portion

of the rack associated with the channel #1 DC Amplifier Chas sis and channel #1 Data Summing

Chassis. The two d-c amplifiers, labeled A and B in Figure 2-1 correspond to the amplifiers

labeled 1 and 2 inthe channel#1 DC Amplifier illustratedinthe upper left portion of Figure 7-1.

Directly beneath each DC Amplifier Chassis in the rack is a Data Summing Chassis which

contains all other circuitry appearing in Figure 2-1.

2-2.1. Associatedwithamplifier A is an input resistor R501, {denoted Ri) and 10 binary

weighted feedback resistors, R502 through R511, (denoted Rb}. Across each individual

binary weighted resistor is an individual relay contact associated with the relays. Shown

above each relay in Figure 2-1 is a designation corresponding to the binary weight of each

feedback resistor. The smallest resistor (R511} corresponds to a binary weight of 1, while

the largest (R502} corresponds to a binary weight of 512.

The output voltage, E A, of amplifier A may be calculated from the following

E A = -ER___. volts

1

This formula states that the output voltage of a DC amplifier is equal to the negative of the

input voltage times the ratio of the feedback resistance to the input resistance. Relays K50Z

through K511 may be activated in such a way that the feedback resistance can vary between

0 _ and 12,487.75 .__ in 1g. 2 _ steps, resulting in output voltage changes between 0v and

-34. 9658v in 34. Z millivolt increments at the output of amplifier A. This 34. Z rnillivolt

figure may be obtained by substituting in the preceding formula the values of E R, R b and R i

in the following manner:

E A = -35 x 12.2 = -. 034Z volts or -34.2 millivolts

R b {feedback resistance} is only the value of resistor R511 in this particular case.

2-2.3. Table Z-1 contains several representative analog outputs corresponding to various

relay closures in the feedback circuit of amplifier A. From this table, it can be seen that

when all relay contacts are opened, the total binary weight is 10Z3 and the output voltage E A

at this time is -34. 9658v. If only the contacts of relay K502 are opened, the binary weight

is 512, and the output of the amplifier is -17.5v. To obtain a binary weight of 1 bit less,

i.e., 511, relay K502 should be closed and relays K503 through K511 should be opened.

Voltage E A now changes from -17.5v to -17. 4658v {a difference of 34. Z millivolts}. If all

relay contacts are closed, all feedback resistance is shorted out and the output voltage

E A becomes 0v. With only relay K511 open, the smallest bit is inserted into the system and

the output voltage of amplifier A becomes -. 034Zv.

Z-3
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TOTAL OPEN

BINARY RELAY INDICATORS

WEIGHT CONTACTS ON

R b E A E B

1023 All All IZ, 487.75t_ -34. 9658v +34. 9658v

511 K503-K511 256, 128, 64, 6,237.8r_ -17.4658v - .0342v

32, 16, 8,

4, 2, 1

512 KS0Z 512 6,250n -17.5v + .0342v

449 K503-K505, 256, 128, 64, 5,480.95rL -15.3467v - 4.2724v

KSll 1

448 K503-K505 256, 128, 64 5,468.75rL -15.3125v - 4.3408v

0 None None 0_ 0v -34. 9658v

1 K511 I 12. Zn - .0342v -34. 9316v

D-A ConversionTable 2-1.

2-2.4. It is obvious that any binary weight between 0 and 1023 can be obtained by

combinations of the various relay closures. For example, if a binary weight corresponding

to 448 is desired, it may be obtained by opening relays I(503, K504 and K505, which results

in a feedback resistance of 5468.75rL and the output voltage of amplifier A becomes

-15.3125v, as illustrated in Table 2-I. if the next higher bit, 449, is desired, relaysK503,

K504, K505, and K511 should be opened. The feedback resistance will now be IZ.Z_

greater (5,480.95r_) and the output voltage will be .0342v greater (-15. 3467v).

2-2.5. In addition to the previously described components of the D-A Conversion

System are the holding relay K501 and the B amplifier with its associated input and feedback

components.

Z-Z.6. The holding relay K501 is a mercury-wetted, polarized, high speed relay used

to disconnect the input to the B amplifier during the time the digital pattern is changing. The

holding relay signal is triggered by the arrival of the read-in pulse (approximately 5 milli-

second duration) which energizes the holding relay; the holding relay then opens the input to

the B amplifier. The B amplifier output is prevented from decaying to 0v bythe . 5_f capa-

citor C502, which holds the output to approximately the same voltage established by the

feedback resistor pattern from the previous frame. The new data signal pattern is applied

in parallel to the ten channel #I inputs via pins 1 through E on digital connector J29. After

the relays have repositioned, and have set up a new "i"-"0" feedback resistor pattern

(approximately I millisecond) the holding relay signal ends, de-energizing the holding relay

and reconnecting the input to the B amplifier.

2-2. 7. The output of the B amplifier is derived from the following equation:

2-4
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E B : -E A R51B -E R _ : -E A i00,000 -35 _00,000 volts
R51Z R514 50,000 i00,097.7

E B = -(2E A + 34. 9658) volts

2-2.8. Examples of D-A Conversion.

Example A: Assume a signal pattern consisting of all "l's" is received by the Converter in

channel _I. Relays K50Z through K511 are energized and R b cohsists of the series equivalent

of resistors R502 through R511.

The output of amplifier A is derived by:

E A = -E R Rb volts
R.
i

EAr- -35 17. 487.75 volts

IZ, 500

E A = -34. 9658 volts

The output of the amplifier B is derived by:

E B = - [Z E A + E R RSIB] volts
R514 J

E B = - [2(-34. 9658) +34. 9458 ] volts

E B = +34. 9658 volts

Therefore, for a signal input pattern consisting of all "i' s", the output of analog channel #I

is +54. 9658v, which is within the specified system accuracy of 68.4 millivolts (+I binary bit) .

Example B: Assume a signal pattern of all "0' s" is received by the Converter in channel #I.

Relays K502 through K511remain closed and R b is equal to 0_. The output of rhea amplifier

is therefore:

E A = -35 x 0 volts
IZ, 500

E A = 0 volts

The output of the B amplifier is:

E B = -(0 +34. 9658) volts

E B = -34. 9658 volts

Therefore, for asignalinputpatternofall "0's", the output of analog channel #i is -34.9658v.

For further comparison of E A and E Bversus data inputs, see Table Z-I.

2-Z. 9. Visual indication of the energized Data Summing relays is provided by means of

neon lamps mounted on the front panel of each Data Summing Chassis, The column titled

"Indicators On" of Table 2-i pertains to these neon lamps.

2-5
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2-3. CONTROL CHASSIS, MEC MODEL 77-6A (F igures  7-2 and 7-3) 

2-3.1. General  - The Control Chassis contains the necessa ry  me te r - r e l ays  and power 

supply detection circui t ry  to effect switch-over f r o m  the operational to the standby Power 

Supplies i n the  event of power fa i lure  in the +250v, -250v, t12v  o r  -2Ov Power Supplies. The 

-250v, -560v, and the -85v Supplies need not be monitored. A fa i lure  in the -250v, -56Ov 

Supply will reflect  into the t250v Supply as descr ibedin  the descr ipt ion of the Poiver Supplies 

in  the  Apyendix, and the -85v Supply is used f o r  the indicator lamps  only and therefore ,  i s  

not cr i t ical .  The Control Chassis  a lso posses ses  the necessary  c i rcu i t ry  to produce the hold 

relay signal which places the hold relays in  the Data Summing Chassis  in the hold condition 

during r ead  out. On the front  panel of the Control Chassis  a r e  located th ree  meter - re lays  

with respect ive RESET pushbutton switches, STANDBY and POWER toggle switches and two 

tes t  jacks,  one labeled HOLD TRIGGER, the other labeled HOLD SIGNAL. A r e d  indicator 

labeled POWER FAILURE indicates the occurrence of Power Supply fai lure .  

2-3.2. t250v Detection Circuitry - Me-ter-relay M601 monitors  the "A" (operational)  

t25OvPower Supply and should r ead  100% when the t250v Power  Supply i s  adjusted to exactly 

t250v. The adjustable detection a rms  on meter - re lay  M601 should be  set  to approximately 

95% and 10570, allowing the 55% deviation before switch-over to  the standby supply occurs .  

If the  t250v "A" Supply deviates f romi t s  predetermined l imi t s ,  meter - re lay  M601 energizes  

mercury-wetted relay K601. The normally open contacts 1 and 3 of K601 now close and 

energize re lays  K602 and K603. The contacts of K602 and K603 t ransfer  the t250v, -250v, 

and -560v rack  power buses f r o m  the "A" Supplies to the "Bl' Supplies. Normally open 

M601 M 6 0 2  M 6 0 3  

\ S 6 0 5  \ 
5602 S603 

I 
I601 

I \ 
S601 S604 

Figure 2-2  Control Chassis  
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Contacts 4 and 5 of relay K603 close and apply -_0v across indicator I601 causing it to light.

Although only the +250v Supply is monitored directly, the +250v, -250v and -560v Supplies

are referenced together so the +250v Supply will reflect changes in the -250v or -560v

Supplies. Since the meter-relay possesses an internal holding coil, once the meter-relay

contacts have been closed they will remain closed until the reset button is operated even if

the +250v Supply should return to its proper level. If the RESET pus hbutton, $601 is de-

pressed, relays K601, K602 and K603 will drop out and the "A 't Power Supplies will once

again be connected to the power buses. If the "A" +250v Supply is within limits, the "A"

Supplies will continue to supply the buses when the RESET pushbutton is released. If the

+250v "A" Supply deviates from its limits, K601, K602 and K603 will be energized when

$601 is released, causing the "B" Power Supplies to supply the rack power buses. If the

switch-over from the "A" Supply to the "B" Supply should occur during a "mission, v,do not

attempt to revert back to the "A" Supply until completion of the mission. CR60L and CR602

are used to suppress any noise spikes which might be generated as the relays are de-energized.

2-3.3. +12v Detection Circuitry - If the +12v _A" deviates from its limits, meter-relay

M602 applies a positive voltage to pin 2 of transistor network N601A (see the Appendix for

the theory of operation of N601A which is MEC Model TN-58). Pin 2 is the base of an NPN

emitter, follower transistor which saturates and causes the emitter, pin 3 to become approx-

imately 0v. Relay K604 is energized, transferring the_-12vtotherack from the rack power

bus in the +12v "A" Supply to the +12v "B" Supply closing contacts 4and5 of K604 and light-

ing indicator 1601. The RESET pushbutton, $602, operates in the same manner as $601

which was previously described. Meter M602 should be adjusted to the same limits as was

M601.

2-3.4. -20v Detection Circuitry - Transistor networkN601B(MECModeITN58) contains

an NPN transistor corrected as an amplifier. If -20v 'tA'f deviates from its limits, meter

M603raisesthebase, pinTof N601B, toward 0v saturating N60lB and pulling pin 5 of N601]3

to approximately -19v. The PNP amplifier in N602B (MEC Model TN46) is now saturated

by itsbasecurrentthrough resistor R615, causing the base, pin 8 of N602B to be brought to

approximately -iv, thereby energizingrelayK605 and indicator 1601. The contacts of K605

transfer the -20v and-85v rack power buses from the "A" Supplies to the "]3" Supplies.

Diodes CR608 and CR607 are used to generate a small voltage suitable for reverse biasing

of N601B and N602B in the normal condition. Diode CR605 is used to isolate relay K605

from indicator 1601 so the indicator can be operated by the contacts of K603 or K604 without

operating K605.

2-3.5. Hold Relay Circuitry - The -17v, 5 millisecond hold relay trigger pulse enters

the Control Chassis on pin 32 of connector P601 and is coupled via resistor R613 to the

base, pin 2 of N602'(MEC Model TN46). The emitter, pin 3 of N602 is pulled down and the

resultant negative pulse is coupled via resistor R614 to the base of power transistor Q601.

Q601 conducts the emitter drops to approximately -17v and the resultant pulse is coupled

via rack wiring to the seven Data Summing hold relays.
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2-3.6. The remaining circuitry in the Control Chassis consists of the STANDBY and

POWER switches. Switches $604 and $605 may be utilized when the a-c power switch, SI,

(located at the lower rear of the Converter rack) is in the ON position. The STANDBY switch,

$604, must be turned on before the POWER switch in order to a11ow the DC Amplifier tube

filaments to heat. At least 60 seconds should be allowed after the STANDBY switch has been

turned on before the POWER switch is thrown.

2-Ii
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2-4. DATA SUMMING CHASSIS, MEC MODEL 77-5A (F igures  7-4 and 7-5) 

2-4.1. General  - The components of the  Data Summing Chass is  a r e  suitably packaged to 

Res is tors  R501 through 

aluminum casting located in  the chass i s  as 

faci l i ta te  easy  plug-in to a mating assembly located in the Rack. 

R514 are  mounted in a sealed,  si l icon oil f i l led,  

i l lustrated in F igure  2 - 3 .  

Figure  2 - 3 .  Data Summing Chassis ,  Side View 

Connections to  c i rcui t ry  located within this  container a r e  made  through a sil icon rubber  

connector in the upper section of the container. The casting may be opened fo r  servicing, if 

necessary .  Should any difficulty with the networks a r i s e ,  other  than that portion associated 

with the feedback of amplifier B, the units should be returned to the manufacturer  for  repair .  

DO NOT ATTEMPT FIELD REPAIRS, Eleven mercury-wetted relays,  K501 through K511 

a r e  located on a bracket  direct ly  above the oil f i l led container. Polar ized mercury-wetted 

re lays  have been utilized to  insure  long contact life and to  minimize operation and re lease  

t imes .  On the front  panel of the Data Summing Chassis  a r e  10 indicator lamps  which a r e  

labeled in accordance with the binary weight they represent  in the circui t ,  that is, between 1 

and 512. Since al l  re lays  in this  unit operate in  a s imi la r  manner ,  the following discussion 

will be concerned only with relay K511 and its associated circui t ry .  

2-4. 2. Detailed Theory - If a "l", o r  -17v significant data level i s  received at terminal  

17 of connector P501, cur ren t  f lows from the Ov bus through the coil of re lay K511 ( f rom 

pin 8 to pin 71, This cur ren t  

energizes  re layK511 placing r e s i s to r  R511 in  the feedback loop of DC amplif ier  A. Res is tors  

R502  through R 5 1 0  a r e  shorted out by the wipers  of re lays  K502 through K510. When the input 

level re turns  f r o m  -17v to Ov, terminal  7 i s  pulled up toward +12v by the r e v e r s e  biasing effect 

through r e s i s to r  R537 and diode CR525 to  the -17v source .  * 
2 - 1 3  
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of r e s i s to r  R526, and cur ren t  is caused to flow f r o m  the t12v  supply through r e s i s to r  R526 

andthe  coil of relayK511 in the  opposite direction than before. The drop out t ime of the re lay  

is greatly reduced by forcing cu r ren t  back through the relay coil as the  re lay i s  being de-  

energized, Indicators DS501 through DS510 employ internal t r ans i s to r  c i rcu i t ry  to dr ive the 

individual neon lamps.  P in  2 of each lamp i s  re turned to -85v and pin 3 to  -2v (-2v is 

generatedbyut i l iz ing the forward  voltage drops  of t h ree  silicon diodes).  A voltage of -4v to  

-8v is required to  operate  the indicators,  therefore a " l f t  o r  -17v level received at  pin 17 

will energize indicator DS 510. 

r e s i s t o r s  and their  relationships to  the DC amplifiers was discussed in Section 2-2, D-A 

C onv e r s ion. 

A complete description of theutil ization of the binary weighted 

F igu re  2-4 Data Summing Chassis  
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2-5. MONITOR CHASSIS, MEC MODEL 77-4A (F igure  7-6 and 7-7) 

The Monitor Chass i s  provides a means of monitoring all operating voltages i n  the D-A 

Converter.  Located on the front panel of the Monitor Chass i s  a r e  two m e t e r s  and th ree  

selector  switches. The top m e t e r  M401, with selector  switch S402, provides a means  of 

monitoring the a -c  phase 1 and phase 2 line voltages. The chopper dr ive  voltage may a l so  

be r ead  on this  me te r .  When S402 is in the POWER pcsit ion,  the operational and standby 

Power Supply voltages f o r  -560v, +250v, -250v, -85v, -2Ov and t12v may be  selected by 

switch S401 and read  on me te r  M401. Meter  M401 is graduated f r o m  0 to 12 and the 

multiplying r e s i s to r s  in s e r i e s  with this m e t e r  a r e  so apportioned that the voltages should 

read  exactly 1 0  when adjusted to their  co r rec t  values ,  When the power supply voltages a r e  

not being monitored, switch S402 should be placed in the O F F  position to  protect  the m e t e r  

in the event of fa i lure  in the regulating portion of the Power  Supply. The  second m e t e r ,  

M402, is used in conjunction with the ANALOG OUTPUTS switch ,5403 and monitors  the 

seven analog outputs and the plus and minus reference voltages.  Meter  M402 is a center  

z e r o  me te r  graduated f r o m  -4Ov to 0 at the center  and to t40v  a t  the ex t reme right.  The 

analog outputs in channels 1-7 may vary between the limits of -35v and t35v depending upon 

the data  being received by the Converter. The  minus re ference  and plus re ference  voltages,  

however, should read  exactly -35v and t35v respectively.  

the Monitor Chass i s  is of such an  elementary nature ,  a detailed description is not given. 

Because the c i rcu i t ry  involved in 

M 401 

5402  

S 4 0 1  

VOLTAGE SELECTOR 

M402 

tJ ANALOG OUTPUTS 
77-4A 

Figure 2-5 Monitor Chassis  

2-15 



ME-904

2-6. EXTERNAL-INTERNAL REFERENCE VOLTAGE SYSTEM (Figure Z-6 _a 2-7)

2-6.1. The D-A Converter contains its own internal reference voltage supply system.

This reference supply system generates +35v and -35v for use within the D-A Converter and

other equipment that may be operated in conjunction with it. The generation of the +35v and

-35v by the Converter is accomplished either from an internal standard cell or from an ex-

ternal reference input of +35v to which the Converter is to be slaved. The circuitry for

generating the plus and minus reference voltages is illustrated in the lower right portion of

Figure 7-1 and is further diagrammatically illustrated 'in Figure Z-7.

Z-6.Z. The method by which the reference voltage is generated is determined by the

position of the reference voltage switchS100Z on the front panel of the Reference Chassis.

When switch S100Z is placed in the INT (internal) position, the reference voltage output is

generatedfromastandard cell located within the Reference Chassis. If the reference switch

is placed in the EXT (external) position and a +35v external reference input is connected to

terminal A of plug JZ7 in the lower rear of the Converter Rack, the internal -35v and +35v

reference voltages will be slaved to the external +35v input reference voltage. By slaving,

it is meant that as the external reference voltage varies in magnitude, the internal reference

voltage generated within the Converter will faithfully follow the variation. When several pieces

of computing equipment are to be utilized together, the slaving of reference voltages is ex-

ceedingly important since the Converter, as well as other units associated with it, produce

d-c outputs that are based upon ratios of the reference voltage. If each individual piece of

equipment contains its own reference system and these reference systems vary even slightly_

errorswill result in the outputs of one system relative to the other, thereby creating overall

system errors. If, however, the reference supplies of each of the various systems faithfully

follow one another, each signal output is then a voltage ratio which is, in fac_, proportional

to those obtained in the other systems, thereby eliminating this source of errors. It is,

therefore, important that other elements be slaved against the Converter or that the Converter

be slaved against the remaining portion of the overall system.

Z-5.3. If theexternal-internal reference switch S100Z is in the EXT position, amplifiers

_7 and #8 of the Reference Chassis are electrically connected as illustrated in the upper portion

of Figure 2-7. Placing switch S1002 in the INT position results in the electrical connection

illustrated in the lower portion of Figure Z-7. With reference switchS100Z in the EXTposition

and amplifiers #7 and _8 connected as indicated in the upper portion of Figure ?--7 amplifier

#7 will contain equal input and feedback resistors of 100,000ft. Amplifier #7, therefore, acts

as a phase inverting amplifier faithfully reproducing the negative complement of the voltage

applied to its input. Since the input to amplifier _7 is, in this case, the +35v external reference

input voltage, the output of amplifier #7 will be -35v. Amplifier #8 also contains equal input

and feedback resistors of 100,000_, thereby also actingasaphaseinverting amplifier. Since

the input to amplifier #8 is the -35v output of amplifier _7, the resultant output of amplifier #8

is +35v.
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2-6.4. When switch Sl 002 is placed in the INT position, relay Kl001is energized, resulting

in the configuration illustrated in the lower portion of Figure 2-7 and the -35v and +35v

reference voltage outputs are generated from the standard cell labeled SGI001. The standard

cell utilized in the Converter supplies an ernf of 1.01923v (nominal) across its output term-

inals. In order to obtain an output voltage of +35v, the output voltage of the standard cell

must be multiplied by approximately 34.34. This multiplication is performed by DG amplifier

#7 without drawing current from the standard ce_ll.

2-6.5. To understand the operation of DG amplifier #7 when connected as illustrated in

the lower portion of Figure 2-7, first assumethe output voltage of DC amplifier #7 to be -35vas

illustrated. This being the case, thel00,000_2 feedback resistor IRI and the 2999.4_ resistor

IR5 associated with amplifier #7 are effectively in series between the-35v output and high

quality ground. With -35v applied across this series resistor string, the voltage between the

junction of these two resistors and ground is -35 2. 999.4 or -I.01923v. The input term-
102,999.4

inal of this amplifier must be at ground potential in order for DG amplifier #7 to operate as

a closed loopfeedback amplifier. The standard cell SGI001 (I.01923v) is connected between

the juncture of these two resistors (-I.01923v) and the input to DG amplifier #7 in such a

manner as to cancel out the -I. 01923v. The resultant voltage on the input of DG amplifier

#7 will, therefore, be 0v only when the output voltage is precisely-35v. Should the-35v

either tend to increase or decrease, the condition for stability will not be maintained and the

DG amplifier will force the output voltage back to -35v. DG amplifier #8 is connected in

precisely the same manner as previously connected for external reference input to provide

the +35v reference output voltage.
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2.7. REFERENCE CHASSIS, MEC MODEL 77-10A (F igures  2-7, 7-8  and 7 - 9 )  

2-7.1,  The Reference Chassis  contains the necessa ry  circui t ry  to  generate  the D-A 

Conver te r ' s  analog re ference  voltages. Mounted on the  chass i s  is a standard cell ,  SC1001, 

usedtoproduce  the internal  re ference  voltages; a r e s i s t o r  network, N1001, which houses the 

precis ion r e s i s t o r s  u sed in the  reference c i rcu i t ry ;  a re lay ,  K1001; and a t r ans i s to r  network, 

N1002, used in the re ference  fai lure  detection circui t ry .  NlOOZ is MEC Model TN57 which 

is explained in detail in the Appendix. On the f ront  panel is a meter - re lay ,  M1001, used in  

detecting re ference  voltage deviation; and indicator 11001, labeled REFERENCE FAILURE, 

which is energized in the event fa i lure  of the t35v re ference  voltage; a RESET pushbutton 

SlOOl which, whendepressed,  r e s e t s  thedetection c i rcu i t ry ,  and a toggle switch 51002 labeled 

EXT and INT allowing f o r  manual selection of re ference  voltages. 

2-7.2. With the t35v external reference voltage applied to  pin 40 on connector P l O O l  
(via r ack  wiring),  and with switch Sl002 in  the EXT position, the +35v external re ference  

voltage is impressed  on r e s i s t o r  R1004 and the movement of me te r  re lay M1001. Since 

MlOOl contains a holding coil, i t  i s  necessary to dep res s  the RESET pushbutton SlOOl in o rde r  

to m e t e r  the external re ference  voltage a f te r  turning the equipment on. With MlOOl in  its 

1 0 0 %  position, re lay KlOOl i s  de-energized and the circui t  in the upper portionof F igure  2-7 

M l O O l  

T I 0 0 1  

s 1001 

s 1002 

Figure  2-6. Reference Chassis  
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results. Meter-relay MI001 is equipped with two adjustments for high and low voltage

detection, and is designed to read exactly 100% for an external reference voltage of exactly

+35v. It is recornmended that MI001 be set with the low detection arm at approximately 95%,

the high detection arm at about 105%. In the event the -35v external reference fails or is

otherwise removed, the pointer of M1001 will come in contact with one of the detection arms

and Ml00lwill internally conduct current through Rl001, Sl001, and its own holding coils to

pin 2 of transistor network NI002A (TN57). NI002A is externally connected as an emitter

follower for current gainwhiletransistor network NI002B is connected as a conventional PNP

transistor amplifier. Pin 2 (TN57) now drops to approximately -20v and the emitter, pin 3

of NI002A is also pulled down to approximately -12v. Base current from the transistor in

NI002B now flows through resistor R1003, causing the transistor to saturate. The collector,

pin 5 of NI002B, goes to approximately -Iv causing relay KI001 to energize and indicator

Ii001 to light. The contacts of relay KI001 reconnect the input to amplifier #7 and the in-

ternal reference circuit illustrated at the bottom of Figure 2-7 is established, enabling the

output of amplifier #7 to be maintained at -35v by the standard cell, regardless of the change

in the external reference voltage. If the +35v external reference voltage is re-established,

the RESET pushbutton should be depressed to cut off the transistor inside NI002A, which in

turn cuts off NI002B causing pin 5 of NI002B to return to -20v, de-energizing relay Kl001,

extinguishing indicator 11001, and reconnecting the input of amplifier #7 to the external ref-

erence voltage as illustrated at the top of Figure 2-7.

2-7.3. Should it become desirable to operate the Converter in the internal reference

mode, switch $1002 should be placed in the INT position. Pin 5 of switch SI002B is now

connected directly to 0vwhich energizes relay KI001. Meter MI001 now senses the +35v

internally generated reference voltage through contacts 1 and 2 of switch SI002A, and may

now be used only to monitor the internal +35v reference voltage, as relay Hi001 is always

energized in the internal reference mode. Should the internal reference fail due to a faulty

cell or amplifier, the meter contacts will again drive through NI002A causing NI002B to

saturate which now merely activates indicator 11001, indicating that the internal reference

voltages are out oflirnits. It may become necessary, due to the magnetic holding coils inside

MI001, to depress the RESET pushbutton after applying power to the Converter, or after

manual switching of $I002.
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7-8. DC AMPLIFIER CHASSIS, MEC MODEL 63-4C (Figures 7-I0, 7-Ii and 7-1Z)

Z-8. I. The DC Amplifier Chassis is a dual package containing two identical direct

coupled DC amplifiers. Each DC amplifier contains a separate stabilizer portion to insure

low DC drift. For correct operation, the DC amplifier unit must be supplied with the fol-

lowing d-c and a-c signals:

a. +250v

b. -Z50v *

c, -560v (. 88 milliamperes)

d. 1Z. 6vac at -1Z5v reference (1.05 amperes)

e, 1Z. 6v at ground (. 6 amperes)

All amplifier computing networks must be supplied externally tothe amplifiers. These com-

puting networks are usually located in sealed containers in other elements of the overall

equipment rack,

g-8. g. Before proceeding with a detailed explanation of the DC Amplifier Chassis,

a general theory of DC amplifier operation will be briefly covered toillustratevarious com-

puting circuit logic as well as the method of stabilization against drift.

g-8.3. Figure Z-9 illustrates the amplifier connected as a summing amplifier. As-

suming that the gain of the amplifier (-_) is very large (approaching infinity), it follows

"e" (e = -E °) approaches 0 and the followtngequation may be written:that the input voltage
_z

11 + Iz : I°

= E
Where I1 E 1 -e or 1

R R
i 1

since e = 0 1)

= - E Z
12 E 2 e or __

R g R 2

-E -e -E
I = o or
0

R R
0 0

E 1 + E Z = -E o

R 1 R Z R o

(z)

::' Current drawn from the +Z50 and -Z50v Supplies depends uponthe load intowhichamplifier

is to be operated. The nominal value is 1g. Z5 milliamperes.
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-R -R °
E = ._.._ E 1 E Z

o R1 RZ

(3)

E ° = -K I E 1 -K g E Z
(4)

Where

K 1 R K Z R= __oo and = ___o

R I R 2

Equation (4) indicates that the DC amplifier output voltage is proportional to the sum of the

input voltages multiplied by their respective network constants. This is true for any rea-

sonable number of inputs.

Z-8.4. Figure 2--10 shows the amplifier connected as anintegratlng amplifier. Con-

sidering "e" to be 0 (see preceding derivation) the following relationships will be found to

exist:

I1 = E 1

R 1

(z)

12 = E 2

R 2

(z)

dE
I = -C __mo (3)

o dt

Since

I1 + I2 = I°
(4)

E 1 + EZ = -cdEo
dt

R 1 R 2

(5)

o/t-CE ° = dt + RZ dt (6)
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Eo = _ __I__ dt

RIC )o 1

E o = -K 1 Eldt - K 2

Where

+ __l__ dt (7)

RzC Z

Ezdt

KI = ._!_.I K z = _._!__
R1C RzC

(8)

ME-904

Equation (8) indicates that the output voltage of an amplifier connected as illustrated in

Figure Z-10 consists ofthe sum of the integrals of the various input voltages divided by their

respective network constants.

2-8.5. Figure Z-11 shows the amplifier connected as a differentiating amplifier. Con-

sidering "e" to be 0 (see first derivation), the following relationships will be found to exist:

dE 1
ZI = -C (1)

dt

E
I =___q
o R

O

(z)

Since

11 = Io (3)

_C 1 dE 1 E=__Q
dt R

O

(4)

= -R C 1 dEl (5)
Eo o dt

Eo = _KI dE I (6)
3-

WhereKl = -R ° C I
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The output of the differentiating amplifier, illustrated in Figure 2-11, is the first derivative

(rate of change) of the input voltage, multiplied by a constant deterrninecl by the network.

2-8.6. Figure Z-lZshowsthemethodbywhichdrift stabilization is accomplished. Offset

voltage "ed" is defined as the voltage required at the input terminal of the amplifier to make

its output equal zero. Offset is generally due to three main causes.

a. Drift of elements within the amplifier.

b. Grid current at the input terminal.

c. Improper grounding.

Precautions have been taken during manufacture to eliminate the latter two causes while a

stabilizer of the type shown in Figure Z-lZis added to reduce the effects of the first cause.

e d =.
drift referred to input (voltage that would be required at

input to make output zero)

-/_I =

_Z =

-//3 =

E =
O

e.

J

e I

e z

E
O

E
O

gain of DC portion

gain of DG portion associated with stabilizer

DC gain of stabilizer amplifier

-/_lel + /_2e2

R1 E
O

R 1 + R o

R_
= (E o -e d)

ej -e d R1 + Ro

-/_3 ej -/_3 R1
= (RI.+ R o) Eo

R1 E

-_I(RI+Ro) o

+ /_I ed -_Z //3 (

R 1

R 1 + R o

E
) o

//_ ed

1 + (/zI + /zz /_3) R1

(R 1 + R o
)

since (/Z1 + /_Z /Z3) >> 1

Eo = /_I (RI + Ro) ed

/_I + /_2 /z3 R1

If there were no stabilizer then _3 = 0 and

= R 1 + Ro)Eo ( e d

R 1

Therefore the stabilizer reduces drift by the factor
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Assuming /_I and /z2 almost equal and /zg/z3>>/Zl, drift is reduced by the factor 1 or
/z 3

by a factor proportional to the DG gain of the stabilizer. It should be noted that when the

stabilizer is added to an amplifier there are two DG paths between the input and output of the

amplifier; one via the normal DG coupled section, and the other through the stabilizer and

that portion of the DG coupled section associated with the stabilizerportionfromthe summing

juncture. Acapacitor is placed between this input stage grid and the summing juncture. The

normally DC coupled section in essence then becomes capable of passingfrequencies only ";_ove

a minimum frequency as determined by the time constant of the input circuitry; hence this

pgrtion is no longer direct coupled. The time constant of this input circuit is so apportioned

that those frequencies blocked (low frequencies down to dc) are ones capable of being passed

by the stabilizer portion. In this way the amplifier is capable of operating over the full

freauencv range and down to dc.

Z-8.7 Two indicator lamps, two screwdriver-adjustable potentiometers, two push-

button switches, and two test jacks are located on the front panel. Figure 2-8 is a photograph

of the 63-4A DG Amplifier chassis; whereas, the MEG Model 63-4G DG Amplifier Chassis

is actually the amplifier model utilized in the MEG Model 77 D-A Converter. The front

panels for both models are identical; the internal circuitry differs slightly.

One lamp, potentiometer, pushbutton switch, and test jack appear on the left portion of the

panel and are denoted by a letter designation A, while the other indicator, potentiometer,

pushbutton, and test jack appear on the right portion of the front panel, and are denoted by

a letter designation B, These controls, indicators, and test jacks are associated with the

two amplifiers located within the chassis; the A amplifier being located in front and the B

in the rear.

a. The output terminal of each amplifier has been brought out to the small test

jacks to enable the operator to place a scope, meter or other instrument on

the output of each amplifier for any test purposes desired.

b. The potentiometers allow for balancing the DG amplifiers. To balance a

givenDG amplifier, depress the pushbutton immediately below the balance

potentiometer and adjust the potentiometer so that the neon indicator located

directly above it is extinguished. On=e the adjustment has been made, the

pushbutton is released and the amplifier is balanced.

C. With the pushbutton released the neon indicator acts as an overload indicator

for the amplifier. Whenever the amplifier reaches the end of its operational

range the overload indicator will glow, indicating that the computation is no

longer correct. Overload condition is usually caused by exceeding the output

capabilities of the amplifier either because of excessive output voltage or

excessive load.
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Figure 2-8 .  DC Amplifier Chassis 

2 - 8 . 8 .  Figures  7-10, 7-11 and 7-12 a r e  schematic and wiring diagrams of the DC 

amplifier. The amplifier 

located in  the upper part of the schematic is  amplifier A; that inthe lower portion, ampl i f ie r  

B. 

Note that inFigure 7-10 there  appear two identical DC amplifiers. 

Since A and B amplifier sections a r e  identical, only the A section i s  described, 

2 - 8 . 9 .  Amplifier A i s  composed of a direct-coupled amplifier and a drift compensating 

section. The DC, o r  direct coupled section, is comprised of tubes V401,  V432 ,  and V 4 0 3 ,  

and associated components. The drift stabilizer portion is represented by converter K40I.A 

and tube V404,  along with associated components. The junction of the external input and 
feedback network elements i s  coupled to  terminal 1 through a coax cable within the rack. 

Terminal 1 is the input to amplifier A and is normally r e fe r r ed  to  a s  the summing junction. 

The input ( e r r o r  signal) f rom the summing junction is coupled via capacitor C402,  res i s tor  
R404  and diodes CR403  and CR404 to  the input grid (terminal 7 )  of input stageV401. Unless 

diode CR433  or  CR404  is conducting, direct  coupling betweenthe input terminal 1 and the grid 

of the f i r s t  amplifier tube is lost due to the coupling condenser C402 .  In actual operation 

both the amplifier grid (due to R4.34) and the summing junction (due to the action provided by 

the stabilizer loop) a r e  operating at very  near  ground potential; therefore,  diodes C R 4 0 3  and 

CR404  a r e  operating in a non-conducting region. Under these conditions condenser C402  
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blocks grid current that may be generated by tube V401 from the summing juncture, the grid

current leading to ground through the path provided by resistor R404. Diodes C1_403 and

CR404 are placed in parallel with C402 in order that the voltage across C402 can be limited

to within the operational range of the input grid of tube V401 during overload conditions of the

DC amplifier; thus rapid recovery upon discontinuance of the overload condition is assured.

The DC path required for operation of the amplifier is now obtained through the stabilizer

portion and reinserted into the right-hand section of tube V401." This right-hand section is

cathode coupled into the first section that is in turn directly coupled throughout the remaining

DC portion to the output terminal of the amplifier. The amplified output signal appearing on

the plate (pin 6) of input tube V401 is directly coupled by means of resistors 1_416, R415 and

balance potentiometer R414 to the input grid of pentode amplifier tube V402. Under normal

operational conditions the plate (pin 6) of V401 is operating at approximately +60v With respect

to ground. The divider network, mnsisting of resistors R416, R414 and R415, is connected

between this +60v plate voltage and the -560v bias voltage to provide approximately -254v on

the grid (terminal 1) of tube V402. Since the cathode of tube V402 is tied directly to the -250v

Supply, a bias of approximately -4v results. The screen (pin 6) of amplifier tube V402 is

stabilized by means of cold cathode neon lamp DS401, to approximately 65v above the cathode

voltage (-250v). The plate(pin 5)of tube V40Z is returned through resistor R418 to the +250v

Supply. The output of tube V402 is therefore able to swing between a voltage near +200 to a

voltage near -200 depending upon the input signal. The output of pentode amplifier V402 is

coupled to pin g of output tube V403B by means of a voltage divider consisting of resistors

R423 and R427. Since the plate of pentode amplifier V402 operates approximately 125v posi-

tive with respect to its cathode (-250v), the plate is at approximately -125v with respect to

ground. This negative 125v, when coupled through divider R423 and R427, causes the grids

of the output stage V403B (terminal 2) to assume approximately -266v; i.e., a grid bias of

approximately -16v exists.

2-8.10. The elements in output tubes V403A and V403B are connected in what is generally

called a Peterson amplifier circuit. This circuit operates as follows: tubes V403A and V403D

and resistors R429 and R430 are connected in series across the +250v and -250v Supplies.

The grid of V403A is biased bythedropacrossresistor R429, the value of R429 being chosen

such that maximum output load co nditions will be met. As the grid of V403D is made more

positive, the plate of V403D will be moved below ground potential causing increased current

to flow between the +250v and -250v Supply. This increased current increase-s the I1R drop

across resistor R429 resulting in increased bias on tube V403A, and therefore, in a net in-

crease inthe plate resistance of this tube. If a load is connected to the output circuit, it can

be seen that the biasing of V403A will be even more rapid for a given bias change on V403D

due to increased drop across R429. As a result, for a negative going output excursion the

current drawn from the +250v Supply will decrease as the output increases negatively.

Conversely, if the bias on tubeV403B is made more negative the plate voltage of V403B tends

to rise, reducing the current flow through resistor R429, thereby decreasing the bias on
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tube V403A. This in turn causes V403A to furnish the necessary current to produce the

positive output excursion.

IResistor R430 acts as a limiting resistor for positive excursions of amplifier output. This

resistor is necessary in order that the plate dissipation of tube V403A not be exceeded under

certain load conditions.

Z-8. ii. The overall gain of the DC portion of the amplifier is approximately 40,000.

During applications the amplifier may be called upon to operate at various gains between zero

to I00 or more. It is necessary that proper roll-off networks be placed in the amplifier to

prevent instability under conditions of large changes of feedback ratios. The partlcular roll-

off networks utilized in the amplifier will depend upon application. These networks consist

of capacitors C406, C410, C4Z3, C4Z5 and C4Z7 and resistors R417, R4Z4 and R428. In the

amplifier proper, most Qf these networks are mounted by means of screw type tie points;

therefore, it is possible to change these networks without soldering. In any given amplifier

it is unlikely that all of the resistors and capacitors will be utilized at one time for cutoff

purposes.

Z-8.1l. A mathematical derivation covering the operation of the stabilizer circuit was

presented in paragraph Z-8.6. The stabilizer circuit operates by sampling the error voltage

(e} appearing onthe summing juncture, . amplifying, then reinserting this amplified signal into

the DC portion of the amplifier in such a manner as to cause a reduction in the original offset

error.

Referring to Figure 7-10 (schematic), the summing juncture error voltage is coupled to the

input of the chopper circuit by means of resistors R403, R401 and R40Z. A mechanical (or

electronic) chopper, K401A, alternately shorts and opens, causing a square wave proportional

to the magnitude of the error voltage to be applied to the grid of a-c amplifier tube V404A.

The a-c signals applied to the grid of amplifier tube V404A are amplified and coupled by

capacitor C405 to the input of amplifier stage V404B. Here again the signals are amplified

and coupled by capacitor C409 and resistor R43Z to a second set of contacts in converter

K401A. This second set of contacts is used to rectify the a-c signal from the output of tube

V404B to restore the d-c component to the signal. The rectified signal is coupled via an RC

filter, consisting of resistor R433 and capacitor C411, to the input grid of the right-hand

portion ofinputstage V401. As previously described, this stageis used to cathode couple the

amplified stabilizer error voltage signal to the first amplifier tube in the DC portion of the

amplifier. This signal in turn modifies the output of the DC amplifier so as to reduce the

error voltage occurring at the summing juncture.

Z-8.15. Resistor R403 and diodes CR401and CR40Zactas avoltage-limiting device to the

input of the stabilizer portion of the amplifier. When the rise time characteristics of the input

signal to the overall DC amplifier exceed the frequency capabilities of the amplifier (as deter-

mined by the roll-off networks) a transient will appear at the summing juncture. Resistor R403

in conjunction with diodes CR401 and CR40Z limit this transient before application of the
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summing juncture error signal to the stabilizer input filter consisting of resistors R401,

R40Z and_capacitor C401. This latter filter in turn reduces the magnitude of such impulses

before application to the input of the first amplifier tube V404A. DC Amplifier 63-4C may

therefore be utilized for pulse type as well as d-c type signal inputs. Apolystyreneconden-

ser C403 is connected between the output of filter R401, R40Z, C401 and the gridofthe first

anlplifier stage V404A, thereby effectively blocking any grid current generated by tube V404A

from the summing juncture. The grids of a-camplifier tubes V404A and V404B are operated

at fixed bias of approximately -iv, developed by means of resistor dividers R425 and R408.

Tube V404A amplifies the chopped signal appearing at the junction of converter K401A and

capacitor C403. This amplified signal has a portion of the higher frequency components

rex_noved by a roll-off network consisting of resistor R413 and capacitor C404 before appli-

cation to the second amplifier stage V404B. A second roll-off network consisting of resistor

R4Z0, IR411 and capacitor C408 is associated with this second stage to further remove high

frequency components.

2-8. 14 The amplified signal from tube¥404Bis capacity coupled via capacitor C409 to

a second (rectifying) portion of converter K401A. This resultant rectified signal is applied

to an RC filter consisting of resistor R435, capacitor C4li, and diode CR406. Positive out-

put excursions appearing on the filter (i. e., on the input of tube V401 ) are limited by conduction

of the grid (pin Z) of tube V401 through the cathode and diode CR405 to divider networkR410,

R411 and R41Z. Diode CR406 limits the negative excursion appearing on the output of the

filter (i.e., on the grid of V401). Neon overload indicator DS402 is connected across the

output of amplifier tube V404B. When an overload occurs, the summing juncture no longer

remains at ground potential and a relatively large signal is coupled to the input of the stabil-

izer circuit. This signal is amplified by tubes V404A and V404B, producing a large output

signal at pin 6 of tube V404B, thereby energizing neon overload indicator DS40Z.

2-8.15. Balancing of the DC amplifier is accomplished by utilizing the stabilizer ampli-

fier as a means for determining whether or not any offset voltage exists on the input ter-

minal (summing juncture) of the DC amplifier. During this measurement the stabilizing cor-

rection signal must be removed from the DC portion of the amplifier and condenser C402 must

be shorted. Balancing is accomplished as follows: Depress BALANCE pushbutton $401 to

remove stabilizer correction signal from pin Z of tube V401 by shorting condenser C411 to

ground. In addition, contacts 1A and 1B of switch $401 short condenser C40Z. If balance

control R414 is now rotated, the offset signal appearing at the summing juncture may be

negative, zero or positive. If the signal is at or near zero, balance indicator DS401 will be

extinguished. If the balance controlis moved to either side of the balance position, the neon

indicator will glow. When the balance potentiometer has been adjusted so as to cause the

indicator to extinguish, the offset signal at the input of the amplifier will be less than 10

millivolts. Upon release of the BALANCE pushbutton, stabilization is reinserted in the am-

plifier circuit (tube V401B) and the offset will decrease to less than 50 microvolts.
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2-8. 16. As the amplifier stands it is capable of driving a 4,000_ load to ±100v or a

• should10, 000_ load to *140v If the amplifier is todrive lower loads, external resistor R x

be added in accordance with the table shown in the lower portion of Figure 7-10. These

resistors should not be added unless the load is actually to be driven, as this not only in-

creases the current drain from the Power Supply, but in some instances can result in over-

dissipation within the output tube over certain portions of the output range.

Z-8.17. Nearly all amplifier troubles manifest themselves in three forms:

a. Inoperation due to a tube failure. *

b. Inoperation due to a bad mechanical converter K401.*

c. Noise in the output due to a faulty tube.*

d. In the cases where solid state converters are utilized inplace of mechanical

converters, occasionally one of the incandescent lamps will fail. This

should be replaced only with a type 49 lamp.

e. A Mechanical Converter Test Set should be used should reali__nment become

necessary. This test set is shown schematically in Figure 7-13.

*The corrective action is to replace the bad element.
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2-9. CHOPPER DRIVE CHASSIS, MEC MODEL 77-9B (F igures  7-14 and 7-15) 

2-9.1. The Chopper Drive Chassis contains the necessa ry  circui t ry  to dr ive  the DC 

amplif ier  choppers. 

and fou r  t r ans i s to r s  (Q901, Q902, 4 9 0 3  and Q904). 

jack TJ902 whichis  labeled OSC; tes t  jack TJ901 which is labeled OV; and t e s t  jack TJ903 

labeled OUTPUT. 

under  the heading "TN134 Gated Oscillator and Squaring Circuit. 

This c i rcui t ry  primarily consis ts  of aplug-in t r ans i s to r  network (N901) 

Onthe f ront  panel of the chass i s  is t e s t  

A detailed theory of operation of N901 is given in Chapter IX, Appendix, 

2-9.2. N901 operates  a s  a Colpitts osci l la tor  resonated by split capaci tors  C901 and 

C902 and tuned to 94 cps byvar iab le  inductor L901. The square  wave output of pin 8 of N901 

is applied to the base  of Q901. The squarewaveoutputfrom the collector of Q901 is brought 

to  TJ902 f o r  monitoring purposes .  This signal is a l so  applied to the base  of Q902 and sub- 

sequently to  the power output c i rcui t  consisting of Q903 and 4904. The output square wave 

f r o m  the emit ter  of Q904 i s  coupled via the 4000 pfd capaci tor  C903 to the chopper dr ive  

coi ls ,  where it proceeds to  dr ive the  DC amplif ier  choppers.  TJ903 is f o r  monitoring the 

output of the circui t ry .  

CHOPPE 
DRIVE 

T J 9 0 2  

TJ901 

T J 9 0 3  
UT 

7 7 - 9 8  

Figure  2-13. Chopper Drive Chass i s  
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2-10. D-A TEST CONTROL UNIT, MEC MODEL 77-5AAA (F igures  7-16 and 7-17) 

2-10. 1. The Test  Control Unit is a portable testing unit with two cables terminating in 

50 pin plugs which a r e  inser ted into the tes t  jack of a given Data Summing Chassis .  Since 

two cables a r e  provided, data can be inserted into two channels simultaneously while testing, 

thereby permitt ing the Test  Control Unit to be used in conjunction with the D-A Converter to 

control the positioning of a plotting board. The single r ed  wire  terminated with aphoneplug 

is inser ted into the -2Ov t es t  jack of the MEC Model 165-4C Power  Supply and provides the 

simulated -17v level necessary  to energize the mercury-wetted relays.  Switches S502 through 

S511 a r e  used t o  energize cer ta in  relays in the Data Summing Chassis,  thereby simulating 

data inputs to the D-A Converter. A typical mercury-wetted relay configuration is shownin 

the upper left-hand portion of F igure  7-16 .  A s  a given switch is placed in the "1" position, 

i t s  re lay is energized, causing a change in analog voltage in that par t icular  channel. Switch 

S501 is used to energize the hold relay f o r  the same  Data Summing Chassis.  Switches S512 

through S522 a r e  used f o r  s imilar  functions f o r  a second Data Summing Chassis.  

0 
~ 

Figure 2-14. D-A Tes t  Control Unit 
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2-10.2. Table 2-Z lists some relay data patterns and the analog voltages resulting from

them.

Switches in Analog Output

"I" Position Voltages

None -34.

1 -34.

1, Z -34.

1, Z, 4 -34.

1-8 -33.

1-16 -3Z.

1-32 -30.

1-64 -Z6.

1-11.8 -17.

1-256

511. +

1-51Z +

Z56, 51Z +17.

IZ8, Z56, 51Z +Z6.

64-51Z +30.

32-51Z +3Z.

16-51Z +33.

8 -51Z +34.

4-51Z +34.

Z-51Z +34.

1-51Z +54. 9658

Table Z-Z. Representative Test Control Settings

9658

8974

7606

4873

940Z

8460

6589

Z839

5339

034Z

034Z

10Z6

5339

Z839

6589

8460

940Z

4873

7606

8974
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CHAPTER III

OPERATION

3. 1. INSTALLATION

3-1. 1. General - No special considerations are necessary in selecting a site for the D.A

Converter. The unit is completely self-contained, and the rack provides adequate shielding

for operation under conditions of high signal levels.

3-1.2. Input-Output Connections

External connections to the D-A Converter are made to five different MS type connectors,

JZ6 through J30. Tables 3-1, 3-2, 3-3, 3-4 and 3-5 list each connector and its associated

cabling information.

Table 3-1.

Terminal

A

B

C

D

E

F

G

H

j

K

L

M

N

P

R

S

T

U

V

Analog Output Connector 5P6

Identification AWG

Analog Output #2

Analog Output #5

Analog Output #7 *

Analog Output #6

Analog Output #3

Analog Output #1

High Quality Ground

High Quality Ground

18

18

Analog Output #4

Table 3-Z.

Terminal

A

B

C

D

E

F

G

H

I

J

Reference Connector J27

Identification

+ External Reference Input

+ Internal Reference Output

+ Internal Reference Output

- Internal Reference Output

- Internal Reference Output

+ External Reference Input

High Quality Ground

High Quality Ground

AWG

18

18

*RG-I 74/U Coax
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Table 3-3.

Terminal

A

B

C

D

E

A-C Power Connector JZ8

Identification AWG

120 VAC 1 Input 12
120 VAC Common 12

Rack Ground I2

120 VAC 2 Input iZ

Terminal Identification

1 Bit #I (LSB)

Table 3-4.

A Bit #2

2 Bit #3

B Bit #4

3 Bit #5 Analog

C Bit #6 Channel

#1
4 Bit #7

D Bit #8

5 Bit #9

E Bit #10 (MSB)

6 Bit #I (LSB)

F Bit #2

7 Bit #3

G Bit #4

8 Bit #5 Analog

H Bit #6 Channel
#z

9 Bit #7

I Bit #8

I 0 Bit #9

J Bit #I0 (MSB)

11 Bit #i (I_B)

K Bit #Z

12 Bit #3

L Bit #4

1 3 Bit #5
Analog

M Bit #6 Channel

#3
14 Bit #7

N Bit #8

15 Bit #9

O Bit #10 (MSB)

Digital Input Connector #1 JZ9

AWG

_,,_

;,..

* Z0

* T

,:-" Zl

* U

* ZZ

* V

* Z 3

;',_ W

,',-" 24

r,.- X

* 25

* Y

;?.

Terminal

16

P

17

Q

18

R

19

S

Identification AWG

Bit #1 (LSB) *

Bit #Z *

Bit # 3 *

Bit #4 *

Bit #5 Analog *

Bit #6 Channel #4 *

Bit #7 *

Bit #8 ':'

Bit #9 *

Bit #I0 (MSB) *

-4. 5 Shield Ground (DigitalGround)16

+4.5 Shield Ground 16

*RG-174/U Coax

3-Z
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Table 3-5.

Terminal Identification

1 Bit #1 (LSB)

A Bit #2.

2 Bit #3

B Bit #4 Analog

3 Bit #5 Channel

#5
C Bit #6

4 Bit #7

D Bit #8

5 Bit #9

E Bit#l 0 (MSB)

6 Bit #1 (LSB)

F Bit #2.

7 Bit #3

G Bit #4 Analog

8 Bit #5 Channel

H • Bit #6 #6

9 Bit #7

I Bit #8

I 0 Bit #9

J Bit #10 (MSB)

II Bit #i (LSB)

K Bit #Z

IZ Bit #3

L Bit #4 Analog

13 Bit #5 Channel

#7
M Bit #6

14 Bit #7

N Bit #8

15 Bit #9

O Bit #10 (MSB)

Digital Input Connector #2. J30

AWG

#

Terminal Identification AWG

16 *

p *

17 *

Q *

18 *

R *

19 *

S *

Z0 *

T *

Z1 *

U *

22 *

V *

23 *

W *

24 *

X *

Z5 Digital Ground 16

y Hold Relay Trigger *

-4.5 Shield Ground 16

+4.5 Shield Ground 16

*RG-174/U Coax
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3-1.3. Cabling Requirements

It should be noted that during installation, the a-c power cable and digital .input cables should

be isolated from the analog output and reference cables. They may occupy the same cable

trough but must not, under any circumstances, be harnessed into the same cable.

3-1.4. Initial Adjustments

No initial adjustments are required prior to operation of the equipment, however, it is strongly

urged that this manual be thoroughly read and completely understood before operating the

equipment.

3-2. OPERATION STEPS

With all rack connectors properly connected and a-c power supplied to the D-A Converter,

the following steps are required for operation:

a. Place a-c power switch S1 (located at lower rear of rack} to ON position.

The two red power indicators DSI and DS2 will glow.

b, Place STANDBY switch $604 located on the Control to the ON position.

Amber FILAMENT indicators located on the high voltage Power Supplies

1576-4A and 1576-3A will light and the Blower will operate.

c. Allow one minute for DC amplifier filament heating then place POWER

switch $605, located on the Control to the ON position. Red PLATE indi-

cators located on the high voltage Power Supplies will glow.

d. Check Power Supply voltages utilizing meter M401 and switches $401 and

S40Z located on the Monitor Chassis. With a high quality voltmeter, set

all Power Supply voltages to their exact values. Note the readings on M401

for future reference. M401 is intended for purposes of monitoring Power

Supply voltage only. This meter is a _:Z% meter and should be used

only to determine if voltages are relatively accurate. An accurate volt-

meter should be used to adjust all operational voltages.

e. Balance all DC amplifiers in the DC Amplifier Chassis; the A amplifier

first, the B amplifier last. This is accomplished as follows:

{i) depress pushbutton $401

(2) rotate potentiometer R414 until neon indicator DS401 is extinguished

{3) release pushbutton

{4) repeat for S40Z, R447 and DS403 for the B amplifier.

f. OntheControIChassis, depress RESET pushbuttons $601, $602, and $603.

Meters M601, M60Z and M603 will read 100% and POWER FAILURE indi-

cator 1601 will extinguish. Set adjustable detection arms on meters M601,

M60Z and M603 to 95% and 105% as described in subsection Z-3.

g. H the Converter is to be utilized without being slaved to an external +35v
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reference, set switch S100Z on the Reference Chassis to the INT (internal)

position and press the RESET pushbutton S1001. Meter Relay M1001will

monitor the internal +35v reference and read 100%. Indicator I1001 will

be extinguished. Set the adjustable detection arms on M1001 to 95% and

105% as described in paragraph 2-7. Z.

h. If the Converter is to be slaved to an external +35v reference, set switch

SI00Z onthe Reference Chassis to the EXT (external) position and depress

RESET pushbutton SI001. Meter MI001 will monitor the external +35v

reference input and will read 100%. Indicator II001 will be extinguished.

Set adjustable detection arms on MI001 as described in paragraph 2-7.2.

i. Check reference voltages on M402 located on the Monitor Chassis.

Measure outputs A and B at test jacks T J401 and TJ402 of the reference

DC Amplifier. Reference voltages should be exactly +35v and -35v.

J. With Model 77-5AAA D-A Test Control Unit connected to Data Summing

Units #i and #2 as described in sub-section2-10, set Test Control switche,

to the "l " position and HOLD RELAY switches to the "0" position. Check

analog output voltages with M402 on the Monitor Chassis and at the B Am-

plifier test jack T J402 of the DC Amplifier directly above the respective

Data Summing Chassis. Channel #I and #Z outputs should be +35v. Next,

place the Test Control switches in the "0" position. Observed voltages

should go to -35v. Then, place the HOLD RELAY switches to "I". The

observed voltages should hold for a period of time before drifting to OV.

Repeat all three tests for the remaining five channels.

The D-A Converter is now operational.

3-5
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D

CHAPTER IV

MAINTENANCE

D

Preventive maintenance is recommended for the following parts of the equipment:

(a) The Blower filter should be removed and cleaned in a solution of warm water and

detergent at least every 30 days.

(b) The various electronlc tubes should be tested periodically.

No other preventive maintenance is recommended. However, malfunctions of individual

parts are to be expected and can be located by trouble-shooting using MEC Type 63-4AX

Mechanical Converter Test Set, MEC Model 77-5AAA D-A Test Control Unit, and/or common

test equipment (voltmeters, ohmeters, ampmeters, oscilloscopes, etc.). Many of the mal-

functions can be located by merely observing the many neon lamps located on the front panels

and within the various chassis. If relays and/or other electro-mechanical devices do not

function properly with normal routine adjustments, the complete sub-assembly shouldbe re-

placed and the malfunctioning unit returned to the manufacturer for possible repairs.

D

4-1



ME-904

CHAPTER V

PARTS LIST
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ME-904

Rev° 6/15/61

The MEC Model 77 D-A Converter consists of the following assemblies:

Quantity

1

Z

Z

8

7

1

1

1

1

Z

1

Assembly

MEC Model 77-1AA D-A Converter Rack

MEC Model 1576-4A +Z50v Power Supply

MEC Model 1576-3A -ZS0v, -560v Power Supply

MEG Model 63-4C DC Amplifier

MEC Model 77-5A Data Summing

MEC Model 77-4A Monitor

MEC Model 77-9B Chopper Drive

MEC Model 77-10A Reference

MEC Model 77-6A Control

MEG Model 165-4C Power Supply

Blower

5-3



1

ITFJd REFERI
NO. DESlO-

NATOR

],-1

l.Z DSI-DST.

I-3 FI,F2

I-4 326

1-5 JZ7

1-6 JZ8

I-7 JZ9. J30

3

CLASS STOCK
NO.

4

MFG. AND
PARTNO,

MEC

77-LAA

Elderna

ICGIZ-4535

Bus srnann
FNM

Cannon
MS310ZA-ZZ-14

Cannon

MS3106B-ZZ-14

Cannon

AN3057-1Z
I

Cannon

IMS310ZA-18-LS

Cannon

MS3106B-IB-IP

Cannon

AN3057-I0

Cmnnon

MS3102A-18-11

Cannon

M$3106A-18-1 I.

Cannon

AN3057-10

Cannon

MS310ZA-36-40.

Cannon

MS3106B-36-40

2 3 4 5

,AI _1_ !

"_ EL 5'

;cl _N _c

;a iN ,_c
I

:_ _tJ c q

; _N gc

;(3 _'N _C

I
;0 _N EC

!

:A _L E q

;O iN "3C

DESCRIPTION

6 7

._otltc Spec. 21C-3864-7

"O_.

"ofF.

L4 _r
i

'oF.
I

"O i ,

L_ k4F

"of,
i

"Ol:

L_ _

?01:

, , - -.,...
uNIT PROCURE. UHIT
PER MENT COST

ASSY. CODE (EST.)

1

Z

Z

11

11

11

1

1

1

1

1

1

a

z

I-7

Cont'd.

1-8

1-9

I-I0

I-II

Sl

Cannon

AN3057-Z4

Carling
ZGL63-73

Bussrnann

HPC

Eldema

IIH4593

E]dema

IIH4119

SA 31 E L]

3W :T ;H T,

FU _K HC I,[

[N]_IC A'I DR

LE _SI C/ P

i
gg'

ER

H(

IR,

DPDT, on-none-on

_[,DER

d)



i 2 6 Y I

ITEM REFER.
NO. DEf_¢_

NATOI

4-I

4-Z C401

4-3 C402, C403
C405

4-4 C404

4-5 CR401 -
CR408

4-6 DS401

DS40Z

4-7 F403

4-8 F401, F40Z

4-9 L401

4-I0 P401

4-11 R401, R402

4-IZ R403-R405

4-15 R406, R408

R410

4-14 R407, R409

R411, R41Z,

CLASS STOCK
1,40.

,414

MFG. AND
PARTNO.

MEC

1576-4A

Sangamo
7110-2R

Aerovox

A EP88J

Cornell Dubiliel
PM4P47

G.E.

IN1695

_Eldema

LCGIZ-4535

3ussmann
VIDL

5ussmann
_GC

.:hicago Std.
RH-8300

]annon

DD-50P

MIL

RCZOGF474K

MIL

RCZ0GFI01K

MIL

RC4ZGF470K

MIL

RCZOGFIOZK

! 2

_S

3 4

HI IB|[

Dll -

]_ P1 I

)D ID_

NJ ,Iq_

_E _E I

:E 3M

;5

_L JO

RI sI_
[7 Hi

RI Sl_

IO 'I21

R I Sl_

47

RI SI_

I0 }0£

5 6
I

,Yi P

;11Ol

:/1°i
;11 Ol

_ 3R

II Z,

An

_.I{F_
Lcl

I
r(R,

r( R,

,1 )70

rC R,

:U 7o

r( R,
tl(

[MESCRIFTION

7

)%@ER SUPPLY, +Z50 V

, l'ixed, Z_,f 1000 vdc

, ]'ixed Dual, 40-40/_f

, l'ixed Mylar, .47/_f

450 vdc

400 vdc

Neon to Spec 21C-3864-7

ml)., Z50V, Slo-Blo

P-!

.tel: Reactor) 300 ma dc, 8 Hy

rp! TF4RX01YY

!

b'i: :ed composition,
1 ,'ZW

Ei: _ed composition,

l '2W

Fi: :ed composition,

Z%¢

Fi eed composition,
_o 1/zw

UNIT
PER

ASSY.

1

1

3

1

8

2

1

Z

1

1

Z

3

3

MKbCt_|. ;
6_Nt
COOt

UNIT
COSt
eST.)

4-15

4-16

4-17

4-18

4-19

4-20

4-21

4-22

4-23

4-Z4

4-25

4-26

4-27

4-28

R413, R418

R416

R417

R419

R4Z0

R422, R424

R4Z3

R421

R425, R426

R415

T401

T402

V401 -V403

V404, V405

MIL

8C4ZGFSZ3K

MIL
RCZOGF334K

MIL
RCZOGF684K

MIL
RCZOGF 184K

MIL

RCZOGF754K

MEC

AZOOIF6AI

Chicago Teleph,
FF18378

MIL

RC4ZGFI04K

MIL

RCZ0GF 104K

MI/,

RCZOGFIB5K

=hicago Std.
PMS-550
Ms90032)

MEC

1-10Z

Comm. 6550

Comm. IZAT?

3Z]

RB

_3l

_Bq

IBq

RE

15t

AZ

_e PC

RE
10d

R_

I0_

R_

I.!

T_

54

Se

TI

T[

T[

i

SI_

Sl_

_K

Sl_

_K

SI_

_K

SH

PK

SI._

30_

TE

Sl.'

)K

SL'

IK

Sl:

;M

Al'

-6E

:or,

Ar

'BI

r( R,

:I(_'o

r( R,

_:1 )70

r( R,
_:1%

F( R,

tl '%

r< R,

,I )70

r( R,
F£ %1

N1 IO

T( R,

_1 _%

T( R,

*I '%l
T( R,

,1oi

SF DRI

clsp
ta y, :

Sf OR

':le_

_le,

Fi_ed composition,

_i_ed composition,

IfZW

Fi_ed composition,
I_ZW

Filed composition,
1 AZW

Filed composition,
t¢ZW

Prbcision Per MEG Dwgs.

_nclAZ001F6AZ, 300K _d%

_EI'ER, Type 25, 20K

Fi| :ed composition,
2_

FH ed composition,
iAZW

Fi_ :ed composition,

_lZW

vileR, Power, 105/115/IZ5VACo
_*rnary, 550-0-550 VAC, Z50ma dc
outl)ut 419 vdc, Type TFRXOZLBOO2.

_ER

:trcn

:trc ,n

2

l

1

1

1

Z

I

1

Z

1

1

1

3

Z



! 2

REFER,
140. DESIG-

NATOR

4-Z9 XDS401
XDS402

4-30 XF40Z-
XF403

4-31 XC401-
XC403
XV401 -

XV403

4-32 XV404
XV405

4-33

4-34

3

CLASS STOCK
NO.

4

MFG. AND
PART140.

Eldema

I H-4593

[3ussmann
FIKP

JAN

rSI01P01

JAN

TSI03P01

Eldema

[IH-4119

Eldema

LIH-4118

5

DESCRIPTION

OLDER

t

Octal. Mica filled

,e. 9 Pin Miniature. Mica filled

:e_

,m )er

,.,, n, ,
6 7

UNIT FROCURE-
IqER MENT

ASSY. COl_

2

1

1

$

UNIT
COST
(EST.)

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

3-9

3-10

3-11

3-1Z

3-13

3-14

C301

C302

C303-C307

C309, C310

C308

CR301-
CR31Z

DS301

DS302

F301-F302

F303

L301

L30Z

P301

R30I-R304

R305, R306

_EC

1576-3A

5angamo
?IIO-ZR

Aerovox

JP616MCB

Aerovox

AEP88J

Cornell Dubilie

PM4P47

G.E.

:N1695

Eldema
ICGIZ-4535

8u ssmann

AGC

Bussmann
MDL

Chicago Std.

RH-8300

Chicago Std.
RH-10S5

.:annon
_D-50P

VIIL

RCZOGF474K

Ward Leonard

5X2. 000

tS El

".A

:/

)I

F!

55

Z]

23

P]

R

R

)W_ER SUPPLY, -ZSOV, -560V

, _'ixed,

0 _ Icl

0][, ]Fixed,

v¢: l

O]I , _'ixed Dual, 40-40/_f 450 vdc

, _ixed Mylar, .47/_f 400 vdc

t t_ Spec. 21C-3864-7

,. Z50V, Slo-Blo

(F ' Reactor) 300 madc, 8 Hy

I _'p TF4RX01YY

Reactor) 55 madc, I0 Hy
TF4RXOIYY

R, Fi _d composition, 470K :1:10% 14ZW

Fi Axiohm, ZK 5W

I

I

I

7

I

L3

Z

Z

I

I

I

I

4

2



! 2

REFER.
NO. DESIG-

NATOR

3°15 R307-R309

3-16 R310, R3IZ
R314

3-17 R311, R313

R315, R316
R318

3-18 R317, R3Zg

3-19 R319, R393

3-Z0 R3Z0

3-Zl R3Z5

3 -ZZ R3Z4

3-Z3 R3Z6

3 -?4 R3Z7

3 -Z5 R3Z8

3 -Z6 R329

3-Z7 R330, R331

R33Z

3-Z8 R3Z1

3-2-9 R333, R334

3-30 T301

3-31 T30Z

3-32 V301-V303

3-33 V304, V305

3-34 V306, V307

3-35 XDS301

XDS302

3-36 XF301

XF30Z

XK303

3-37 XC303-

XC307,

XC309,
XC310
XV301 -

XV303

3-38 XV304

XV305

3-39 XV306

XV307

3

CLASS STOCK
NO.

4

MFG. AND
PARTNO.

MIL

RCZOGFI01K

MIL

RC4ZGF470K

MIL

RCZ0GF 10ZK

_41L

C4ZGFSZ3K

_ILoGF334K

MIL
RC4ZGFI04K

MIL

RCZ0GFI84K

MEC

AZ001F6AI

Chicago Teleph
?F18378

MEC

%2001F6AI

%41L

RCZOGFI8 IK

_41L

RCZ0GFI04K

_4IL
RCZOGF 155K

VIIL

RC3ZGF473K

Chicago Std.
PMS-5S0
MS9003Z)

MEC

1-10Z

Comm. 6550

=omm. lZAT7

=omm. OAZ

Eldema
[IH-4593

3ussmann

_IKP

JAN
rXlOlPOl

IAN

TS103P01

rAN

FSIOZP01

2 3

}|

'i

)a

II El

EJ
,.q

H

3!

19

19
8_

E

Zl

PC

E

Z

E

81

LE

0

DESCRIPTION

4 $ 6 7

I " 1 "

[_

h
I

It

[

I5

?1

'F

I_i ,I

0 , p

0 .

CJ ,

'(D ,

:1| %

'O ,

:l|

:H _'o

"(D p ,.

:lP &

"(_ ,

"61 lk

"CJ ,,
"61 1

7G _,

['C] L,

-II _0

tked composition,
I/ZW

t_ed composition,

iied composition,

I/zw

iSed composition,

i_ed composition,

llZW

t_ted composition,
llZW

i_ed composition,

't d composition,

IIZW

'rbcision Per MEC Dwgs.

_d AZ001F6AZ, 300K _1%

ETER, Type Z5, ZOK

'r_cision Per MEC Dwgs.

a_%ZOOIF6A2, Z50K *1%

'i_ed composition,

_i_ed composition,

VII

_N
_61

:)n|

_N

:0

c_

"i_ed composition,
% _Yzw

"iled composition,

_R [ , Power, 105/II5/IZ5VAC,

p Err_ary, 550-0-550 VAC, 250ma dc
, utbut 419V dc, Type TFRXOZLB00Z.

)R [EiR

_B I re,

31/I,I te_

31_ ! te,

El {O

3KIET

3K ET

_KET

,D

rq

:ra

:rq

HC

:R _

tbe

_be

lb(

1

LDER

Octal, Mica filled

9 Pin Miniature, Mica filled

7 Pin Miniature, Mica filled

6 " 7 |

UNIT PIg)CURE- UNIT
_ COST

#_SS¥. ¢OOE (EST.)

,

Z

l

1

!

I

I

I

I

3

I0



2

ITEM REFER.
NO. DE51G-

NATOR

3 -40

3-41

4-I

4-_ C40Z

C405

C413

C416

4-3 -:403

C414

4-4 D404

-_415

4-5 =406
=417

4-6 =407

._409

=418

=420

4-7 3408

_419

4-8 :410

D4ZI

3

CRASS STOCK
NO.

!

4 5

MFG. AND
PART NO.

Eldema

11H-4118

Eldema

11H-4119

MEC

63-4C

Cornell Dubili

PM4S5

Southern Elect

Sac 1645

MIL

DM-15-ZYl

MIL

DM-15-101

Cornell Dubiliq

PM4S I

MIL

DM-15-150K

MIL

DM-15-681K

Rev. 6/_5161

I 2 3 4 5

DESCRIPTION

6 7

MPLIFIER

Fixed Mylar, . 05/_f, 400vdc

, l/_f, Poly. _Z0%, Z00vdc

_ura Mica, Z70/z/_f, 500vdc

_ura Mica, lO0/_/zf. 500vdc

Fixed Mylar, . 01/_f, 400vdc

3ura Mica, 15/./,/zf, 500vdc

)ura Mica. 680/J/_f, 500vdc, 10%

6 7

u.,TI P,OCUR_......
PER J MENT

ASSY. CODE

I

sl

UHIT
COSt
(rST ',



Rev. 6115/61

1 2

_EM REFER.
NO. DEMG-

NATOR

4-9 _411

=4ZZ

4-10 :425

_4Z6

4-II _427

=4Z8

4-12 :R401

=R40_
=R405
=R407

=R408

=R411

4-13 3R403
]R404

=R409

=R410

_R406

3R412

4-14 9S40Z

95404

4-15 )$401

9S403

4-16 _401

4-17 P40[

4-18 R401

R434

4-19 _40Z

R435

4-Z0 _403

R431

R436

R464

4-ZI R404

_437

4-Zl _405

_438

4-Z3 _406

_439

4-Z4 R407

_419

{440

_145_

4-z5 k4o8

_441

4-Z6 {40'I

14Zi,

_4Lo

_44d

_454

R459

4-L7 R410

R443

4-L8 R411
R444

4-29 R41_

_445

4-30 R413

_446

4-31 _414

_447

CLASS STOCK
NO.

MFG. AND
PARTNO.

MIL
:CP65BIEFI05K

M/L

DM-19-10ZK

MIL

C M-I.9B-101K

Hughes
HD6LL?

MEG

B6$F4A

Eldema

LCGIZ-4535

IEldema

NE-Z

;tevens Arnold

=H-792

_annon

JDDSOP

IMIL

RCLOGF474K

iMl L

RCLOGFI55K

MIL

RCZ0GF 104K

MIL

RCLOGFZ75K

MIL

RCLOGF914J

MIL

RCLOGF514J

MIL

RCZOG, F475K

MIL

RCZOGFI0_K

MIL

RCZOGF334K

MIL

RCZOGFI82K

MIL

RCZOGF473K

MIL

RCZ0GFI64J

MIL

RCZ0GF563K

Allen Bradley
JAI L040S504U(

1 2 3

C_

C,

C_

DI

DI

4 $

Pl C]

P_ C]

Pl C]

)D_,

)D E,

Li M] _,

LI M]',

C} O_ Pl

PI_UC,

RISK T(

I

R_SI_ T(

Ri 5L' T(

RI 51' T(

RI 51,'T(

RI Sl,' T(

RI 5L'T(

RI 5I,' T(

RI SI:;T,

R] Sl',;TI

RI SI_,T(

RI SI!,T_

P( T_;N"

DESCRIPDON

6 ?

TO]R, _.0,_f, 600vdc

TO_, _)ura Mica, t000Fzgf, 500vdc, 10%

TOUR. [LooIz_I, 500vdc, 10%

Stl{co_

Sil_co_

Neln t I Spec. ZIC-3864-7

al I 51 pin contact, 5 amp rating

IR,[Fiked Composition, 470K. 10%, 1/2W

iR [Fi_ed Composition, 1.5 Meg., 10%
_w

)R,[Fiked Composition, 100K, 10%, I/ZW

)R, [Fiked Composition, ;. 7 Meg., 10%
i/zw

)R,[Fi_ed Composition, 910K, 5%, I/_.W

)R,[Fi_ed Composition, 510K, 5%, l/ZW

)R,]Fi_ed Composition, 4.7 Meg., 10%

)R,]Fiked Composition, IK, I0%, I/2W

)R,]Fl_edComposltion, _.,30K, 10%, /ZW

: 6

'UNIT
PER

ASSY.

1

)R,[Fi_ced Composition, 1800_, 10%. I/Z

)R,]Fiked Composition, 47K, 10%, I/2W

)R.[Fiked Composition, 160K, 5%, I/ZW

)R.[Fiked Composition. 56K, 10%, l/ZW

"IOMEI_ER, 500K, _W, Linear T_per

7

PROCURE-
MENT
CODE

R

UNIT
COST
(EST.)



i

i

i

l 2

ITEM REFER.
NO. DESIG-

NATOR

4-3Z R416, R417

R449, R460

4-33 R417, R450

4-34 R418, R451

4-35 R422, R455

4-36 R423. R456

4-37 R425, R458

4-38 R428, R461

4-39 R4Z9, R46Z

4-40 R480. R463

4-41 R433, R466

4-42- R467

4-43 $401, S40Z

4-44 T J401

4-45 V403, V407

4-46 V40Z, V406

4-47! V401, V405

4-48 V404, V408

4-49 XDS40Z

XDS404

4-50 XV408
XV403

,XV404
XV407

4-51 XV401
XV405

4-5Z XV406

XV40Z

4-53 XV409

CLASS

3

STOCK
NO.

MFG. AND
PARTNO.

MIL

RCZ0GF 135J

MIL

RCZOGF8Z3K

MIL
RC4ZGF 184K

MIL

RCZ0GF IZ4K

MIL

RCZOGF6Z4J

MIL

RCZOGFZZ4K

MIL

RCZOGF 183K

MIL

RC3ZGFZZZK

MIL

RC3ZGF681K

MIL
RCZOGFTZ6K

MIL

RC4ZGFZ70K

Grayhill
35-1

H.H. Smith
1501-113

Comm. 7044

Comm. 6661

Comm. 607Z

Comm. 6681

Eldema

1DH6-4591

JAN
TS103P01

JAN

TSI03C01

JAN

TSIOZP01

JAN

TSI01P01

2 3 4 $

., vii &qc

'. t_ ;T_rO]
I ,n lOt_

_ ;15 rOJ
8_ _ _.1_

tE _Is rCl_

+lie

8I :li

(E ;IS [_C[]

,.2 K _It

(E ;IS ['C[]

tE _IS rO]

tE ;I5 rC_

',7! klg

i

_ ET_:H,

IM:K] "I

r_B_ i

rUBE ]

rUaE

rUSE l

[NI _IC A _I

_Ot _K ET

_O] .;K ET

I
i

3013K ET

_O' 3K ET

5

DESCRIPTION

6 7

_. I]Viled composition,
; l/_W

t, ]];i_ed composition,
, ,,/_W

I, ]_rl:_ed composltlon,

%l Z[e
i, l;vl d composition,
% llZW

_. I_ri_ed composition,
70 1/RW

I_ r'i_ledl]zWc°mp°stti°n'

t, JVl_ed composition,

_0 I t/_w
t, _t_ed composition,

%'[
vi d composition,

% l_e
t, _i d composition,

% _1 zW

_ot' _led composition,

P

._st

le(

le(

le¢

lee

DR

sh ¸

(i

:rc

_rc

:rc

._rc

H(

_be

ib_

T!,be

>utton. (Black Button)

;ray)

n

n

n

rl

ILDER, with Translucent Lens Ca

9 Pin (Phenolic)

9 Pin (Ceramic)

7 Pin (Phenolic)

Octal (Phenolic)

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE

4i

Z

"-I
I

Zl

Z

1!

Z

1

g

UNIT
COST
(_ST.)



! 2
REFER.• DESIG-
NATOR

S-!

S-Z C501

5-3 C50Z

5-4 CR501 -

CR511,
CR515-
CR5Z5

5-5 CRSIZ -
CR514

5-6 DSSO1 -
DS510

5-7 K501 -

K509

5-8 KSI0
K511

5-9 P501

5-10 PS0Z

5-II R515

5-1Z R516-

R5Z6

3

cLASS STOCK
NO.

MFG. AND

PART NO.

MEC

77-5A

Cornell Dubilt,
PM4PI

Cornell Dubili_
PM4P5

Transitron

TIZG or
Clevite
CTP-503

G.E.

INI69Z

MEC

16-10Z

MEC

RY-13

MEC

RY-iZ

Cannon

DD-50P

Winche st e r

QRE-34S-LT

Ward Leonard

5X6000

MIL

RCZOGFISZK

2 3

_ El_

:A

:A

)I(

NI

tE

IE

>L

;C

IE

IK

4 5
i

:BLYi

•A_ :zT

•Akat

D]_

I

_t ,'I1!

I

Ja

,;_ :a
|

;IS_:a

;I_ "a

DESCRIPTION

7

T t SUMMING

, _ixed Mylar, . I_[ 400 vdc

]ixed Mylar, . 5/Jr 400 vdc

I

)R

vie ,c_

Vie "c_

rO t, I

_, ri_

ry wetted

ry wetted

_ith SS Lockin 8 Screws

ed Axiohm, 6K :1:5% 5W

ed composition, 1.5K +10% I/ZW

6 7

UNIT NIOCUIR,
m MENT

ASSY, ¢OOt

1 I

l

1

ZZ

;1

10

9
!

Zl

l

11
!

I
i

I
I
I
!
!
i

UNn"'"
¢O$T
(EST.)

5-13

5-14

5-15

5-16

5-17

R5Z7-

R537

R538 -

R547

R548

T3501

XKS01-

XK511

MIL

RC3ZGF56 IK

MIL

RCZOGFZ73K

Ward Leonard

5XZ000

Cannon
DD-50S

JAN

T$101P01

_E sis

_tF _IS

=C _IN

;O :K

FC R, _'i

FC R, Fi

FC R, Fi

3C FO ).

;T 0 :ts

:ed composition, 560Q _:I0% IW

:ed composition, ZTK _:I0% I/ZW

:ed, Axiohm, Z000_ 15% 5W

Mica filled

II

I0

I

I

II



4 5I 2

ITEM REFER.
NO. DESIG-

NATOR

4-1

4 -Z CR401

CR40Z

4-3 M401

4-4 M401

4-5 P401

4-6 R401

4-7 R40Z

4-8 R403

4 -9 R404

4-10 R405

4-II R406

4-1Z R407

4-13 R408

4-14 $401

4-15 S40Z

4-16 5403

4-17

3

CLASS STOCK
NO.

MFG. AND
PART NO.

MEG

77-4A

G.E.

IN1695

Beede

E-Z5

Beede

E-25

DESCRIPTION

I 2 3 4 5 6 7

CHASSIS

graduated from 0-I z as per

nda rds Drawing.

:enter, 1 ma-O-i ma

scale graduated as per MEC Dwg.

Cannon

DD-50P

Phaostron

CA4RS-I/Z

Phaostron

CA4RS-I/Z

Phaostron

CA4RS-I/l

Phaostron

CA4RS-I/Z

Phaostron

CA4RS- I/Z

Phaostron

CA4RS- 1/Z

Phaostron

CA4RS-I/Z

Phaostron

CA4RS-I/Z

_cision, 5.6K +1% I/ZW

_cision, 560K +1% I/ZW

_cision, Z50K _1% I/ZW

_cision. 85K Ii% I/IW

__6ision, Z0K _:1% I/ZW

_cision, IlK _1% I/2W

cision, 51.4K II% I/ZW

cision, 35}< _1% I/ZW

Centralab

PA -Z005

Centralab

PA -Z003

Centralab

PA -Z001

Whitso

K-I05

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE

8

UNIT
COST
(EST.)

1.8Z

9.10

9.10

5.85

I. 40

1.40

1.40

1.40

1.40

[.40

1.40

1.40

3.4Z

3.4Z

3.4Z

.56



Rev. 6/15/61

! 2

ITEM REFER.
NO. DESIG-

NATOR

9-1

9-Z C901

9-3 C90Z

9-4 C903

9-5 C904

9-6 L901

9-7 N901

9*8 P901

9-9 Q901

9-I0 Qg0z=Q904

9=II R901

9-1Z R905

9=13 R903

R908

9-14

9-15 R906

9-16 R907

9-17 R908

9-18 R909

9-19 R910

9-Z0 Rgll

9-ZI TBg01

9-ZZ TJg01 -

TJg03

9-Z3 '_N901

3

CLASS STOCK
NO.

4

MFG. AND
PART NO.

MEC

77-9B

CorneU Dubilie

PM4S5

Cor nell Dubilie
PM4P5

Mallory

20-71937

Fansteel

FI10-1

U.T.C.

HVC- 11

MEC

TN-134

Cannon

DD-50P

G.E.

ZN5E5

Delco

ZN443

MIL

RCZOGFI03K

MIL
RCZOGF473K

MIL

RCZ0GF47ZK

Ward Leonard

10FI00

MIL

RCBZGF471K

MIL

RCZ0GFZZ3K

Ward l,eona rd

IOF75

Wa rd Leonard

5X5

MIL

RG ZOGFZ71K

USECO

II00-B

H.H. Smith

1501-I13

3A N

TSI01P01

I 2 3 4 5 6

DESCRIPTION

7

_.R DRIVE

fixed Mylar, .05ttl 400 vdc

Mylar, .05}xf 400 vdc

3omputer Grade, 4000ttf 50 vdc,
Alum. can with Acetate Sleeve•

Blu-Cap) I0 _.f Z5 vdc

(Lug Type Leads) with

727Z60Z

¢ed Composition, 10K ±10% l/ZW

ied Composition, 47K ±10% 1/ZW

:ed Composition, 4.7K _:10% I/ZW

ed, Wire wound, 100fl 10W

ed composition, 470_2 _10% 1W

ed composition, ZZK _10% 1/ZW

ed, l¥ire wound, 75f_ 10W

ed Axiohm, 5_ 5W

:ed composition, Z70_2 _10% 1/ZM

kRD

)und

Mica filled

8

UNIT
COST
(EST.)

.25

•71

10.54

3.64

15.12

46.56

5.85

4. Z0

9.31

.17

.17

.17

.80

•Z5

.17

.80

.85

.17

3.7Z

• 44

.67



I

iTEM
NO.

10-1

10-2

10-3

10-4

10-5

10-6

10o7

10-8

10-9

10-10

10-11

10-12

10-13

I0-14

10-15

I0-16

10-17

I0-18

I0-19

I0-20

I0-21

10-22

10-23

2

REFER.
DESiG-
NATOR

Cl001
C1002

C1005

CRI001

CRI002

II001

KI001

MI001

NI001

NI002

PI001

RI001

RI005

RIO03

RI002

RI004

RI006

51002

Sl001

SCI001

TJI001

XII001

XKI001

XKI00Z

XNI001

3

CLASS STOCK
NO.

4

MFG. AND
PARTNO.

MEC
77-IOA

Cornell Dubili,

PM4SI

Cornell Dubili,

PM4P5

G.E.

IN1692

Transitron

TIZG or

Clevite

CTP-503

Dialight Corp.
S-6

Magnec raft
IIHPX-59

Assembly Pro¢
261-C

MEC

RN-47

MEC

TN-57

Cannon

DD-50P

MIL

RCZOGFI02K

MIL

RCZOGF681K

MIL

RCZ0GFZZ2K

Phaostron

CA4RS-I/2

MIL

RCZOGF 182K

Carling
ZGL63-73

Micro

2PB 11

Murthead

D-845-A

Cannon

DD-50S

Dialight Corp.
103-3402-111

JAN
TSI01P01

Amphenol
77-MIP-IIT

2 3 4 5

!

)I_D E

I
}I([DI: ,

I

•AI _ 1_ ]b
I

',El _Ar {

{,

RF
|

I
O_,

I
i

I

I

tca_
I

I
|

F_RENCE

fixed Mylar,

{'ixed Mylar,

te

:q WORK

• OI/M 400 vdc

•5/M 400 vdc

scent, 6S6 DC, 24V, Bayonet Base

TRANSISTOI_ NETWORK

'1PL JG

RE_I5 '_,j iled composition, IK 110% I/2W

RE_I_ ¢ 'C_, 'i,ed composition, 680t[1 .I0_ I/2W
! |I

I

RE[

R_

R_

SwI

Lo

I

r°
!

;I.' "C_R, 'i_

;I_ 7C[R, r,

_I-c ;COR, "b

:T HJ T, [g

IT H_ P_ sh

Nt EGTO:

)I( %'I_)R H(

=I_ <T! O ta

:_ _T tl

ed composition, 2Z00G _:10% l/2W

_cision, 41.9K _1% l/2W

ed composition, 18K i10% 1/ZW

e (DPDT) on-none-on

utton

ELL,, Weston type

LDER

, Mica filled

Pin

6 - 7

UNIT I_[_U_*
FER MENT

ASSY. CODl_

1

2

lr

11

l

1

!

1

1

!

1

2

l

1

1

1

1

1

1

I

1,

2

1

S

UNIT
COST
(EST.)



I 2

ITEM REFER.
NO. DESIG-

NATOR

6-1

6-2 CR601

CR603
CR604

CR607

6-3 CR605

CR606

CR608

6-4 CR602

6-5 K601

6-6 K602
K603

6-7 K604

K605

6 -8 I601

6-9 M601-
M603

6-10 N601

6-11 N602

6-12 P601

3

CLASS STOCK
NO.

4
MFG. AND

PART NO.

MEG

77-6A

Transitron

TIZG or
Clevite

CTP-503

G.E.

IN1692

Hugh e s
HD-6227

MEG
RY-11

Magnecraft
11HPX-60

Magnecraft
11HPX-59

Dialight Corp.
5-6

Assembly Proc
361 -C

MEC
TN-58

MEG

TN-46

Cannon
DD-50P

I 2

AS

3 4

;EI/IB

DI_)D

DI_ )D

DI( )D

IRELA

IRELA

!RELA

LAM]

M_;TI
Lov' d

has rk
!ul s

12!, v,

TEAF

TFAF

PLU(

5 6

_Y C

_', Me

• _C8

R, Dc
te_ tie

d I0,

alI m
C.

DESCRIPTION

7

9N

rcl

nd

ubl

Ip

20

RI

R!

7ROL

ry wetted

scent, Bayonet Base, 6W 24 vdc

adjustable contacts for high and
rna coil. 60 Division scale

40, 60. 80, 100. 120, with 120 at
contacts rated 25 MA DC at

ETWORH

ETWORK

6

UNtT
PER

A_SY.

I

7 .... II
PROCURE. UNIT

MENT COST
COOl RST.)

6-13

6-14

6-15

6-16

6-17

6-18

6-19

6-20

6-21

6-22

6-23

6 -24

6 -25

Q601

R601

R602

R603

R612

R604

R605

R606

R607

R610

R608

R614

R611

R613
R615

R609

R616

Delco
2N553

Phaostron

CA4RS-1/2

MIL
RC20GFZ73K

MIL
RCZOGFI03K

Ward Leonard

5X6000

Phaostron

CA4RS-I/2

MIL

RCZOGFZ02J

MIL

RC20GF473K

Phaostron

CA4RS-I/2

MIL

RC20GFI01K

MIL

RC20GFI83K

MIL

RC20GFI02K

MIL

RCZOGF47ZK

[FR

_o

hE

RE

RE

RE

RE

RE

RE

RE

RE

RE

RE
I

RE

I
I

Ab )I.¢

an| n|

SLc r(

sic rc

sic rC

SL¢ rc

SIc r(

Sl¢ r(

SIC rc

SI c rc

515 rC

Sl. ¢ rC

SI_ rc

Sl. ¢rc

TO
Ki'

R,

R,

R,

_t

Re

R.i

R,

R,

R,

R,

R,

Pr

Fi:

Fi:

Fi:

Pr

F'i:

Fi:

Pr

Fi:

Fi:

Fi:

Fi:

Lug Type Leads) with
7272602

cision, 299.9K if% I/2W

ed composition, 37K -1-10% I/2W

ed composition, 10K t10% I/2W

ed Axiohm, 6K 5W

cision, 14.3K _1% I/2W

ed composition, 2K J:5% I/2W

ed composition, 47K *I0% I/2W

,cision, 23,9K _:I0% I/2W

ed composition, 100f_ _I0% I/ZW

ed composition, 18K f10% I/2W

ed composition, IK _10% I/2W

ed composition, 4700_ _:I0% I/2W

1

1

1

1 !

I!

1

1

2,

1

1

1

2

2



! 2

ITEM REFER.
NO. DESIG-

NATOR

6-Z6 5601-5603

6-Z7 $604
5605

6-Z8 T J601

T J60;-

6-29 XI601

6-30 XK601 -

XK605,
XN60[
XN60Z

6-31

3

CLASS STOCK
NO.

MFG. AND

PART NO.

Micro
ZPB I I

Garling

STSZN

H.H. Smith
1501-105

Dlalight Corp.
103-340_-111

JAN
TSI01P01

Blrtcher

3B-645

2 3

I
_W

4 5

ITI :H

;WIT4 :H

LL!V

Ih =K 1

IN])IC %1

_03K _"[

RADL _T

5

DESCRIPTION

6 7

P sh

D 'D'

es! V

ORI H(

d ta

)R ,I P'

button

[', (Nickel plated Handle) Z5 Amp

_rap around

LDER

, Mica filled

war Transistor

] 6 7
UNIT PROCURE-

PIER MENT
ASSY. CODE

31

Z

1

7

'1

8

UNIT
COST
(EST.)

4-1

4-Z

4-3

4-4

4-5

4-6

4-7

4-8

4-9

4-10

4-11

4-12

aA-e 55

C401
C40Z

C4ZI-C4Z3

C403

C4Z5
C443

C444

C4Z4

C404
C426

C441

C442

C445

CR401

CR4Z1

CR40Z

CR4ZZ

CR44Z

F401

F403

F402

MEC
165-4C

Mallory
20-71937

Cornell Dubili
PM4SI

Cornell Dubili,

PM4PI

Fansteel

F308-I

Mallory
Z0-71855

Fansteel

F316-I

G.E.

4JA Z 1 IAB IAC2

International

Rectifier
IN1519

International

Rectifier
INl5Z4

Bussmann

AGC

Bussmann
AGC

ff !

;EMI_

CA Pt

3A PA

_A P_

:APA

'.- i/l
I
:A IP_

i

J
i_l'_D

I
i

DI, _D

I

cllro]

Cll ro_

:l_:Ol

I
:I!:OI

CI' _O1
ix4-

Cl'?O]

IF'. ER

:, Eer

:, Zer

I An

3 IAn

)V

t

t

/z

_r

er

ER SUPPLY

;omputer Grade, 4000/M 60vdc,

Alum. can with acetate sleeve.

_ixed, Mylar, .01_f 400 vdc

'ixed, Mylar, , I_ 400 vdc

Hu-cap, 100_f 30 vdc

;omputer Grade, Z000/_f 100 vdc,
Alum. can with acetate sleeve.

Hu-cap, 30_f I00 vdc

(IZ4.7)

{IZIZ)



ITEM REFR.
NO. DESIO-

NATOR

4-13 F•0•

4-14 1=401

4-15 Q4Z3
Q44Z

4-16 Q401

Q42.1
Q441

Q4zz

• -17 O40Z
Q403
Q4Z4

Q443

• -18 Q404
Q4_5
Q444

• -19 R401, R40_
R4ZlA
R4ZIB

R441
R44Z

4-Z0 R403

R443

4-ZI R404

R425

R4••

4-22 R405

4-23 R406

4-Z4 R407

R428

R447

4_25 R408

4-26 R409

R430

R449

4-27 R410

R431

R450

• -28 R411

R43Z

4-Z9 R41Z

4-30 R414

R435

4-31 R415

4-3Z R413

4-55 R4ZZ

4-34 R423
R4Z4

3

cu_%s STOCK
NO.

i

4

_. AND
PARTNO.

Bus_mann
MDX

Cannon
DD-50P

Delco

ZN553

Delco
ZN443

G. E.

ZNSZ5

Sylvania
ZN377A

Ward Leonard
5XI

Ward Leonard

5XZ

MIL

RC4ZGFI0ZK

MIL

RC4ZGFI51K

MIL

RCZOGF681K

MIL

RCZ0GFI01K

MIL

RCZOGFIZZK

MIL
RCZOGFSZZK

MIL
RCZ0GF6ZIJ

MIL
RCZ0GF47ZK

MIL

RC3ZGF lZ 1K

Chicago Tel.
RAZOLASBZS0_

MIL
RC3ZGF8Z0J

MIL
RC4ZGFI31J

Ward Leonard

10FI

Ward Leonard
10FZ

s

DESCRIPTION

6 7

set rt, Slo-Blow,. 3 Amp.

OiP, [Mount with Parts #100 & #1011

'C_, ILulJ type Leads)

I 4
,Q

i

kx

_i:

ohm, I_ 5W

,ohm, Zfl 5W

{ed composition, 1K il0_ ZW

6 7 I S
U0'_ I'_OCUm Ut,m'
PER MENT COST

_,sY. COOE (L_'.)

l

1

Z

4

3

6

?,

3

R,I

R, IF:

)R,! F

)R, F

,R, F

)R, F

I

ri: ed composition, 150fl *10% ZW

_i: ed composition, 680G _10% 1/ZW

ri: ed composition, 100_ _:10% I/ZW

Ft _ed composition, I.ZK _:10% 1/ZW

F! :ed composition, 8. ZK _10% 1/ZW

Ft cad composition, 6Z0_1 _5% 1/ZW

F! _ed composition, 4.7K _:10% I/ZW

:ed composition, lZ0fl :_10% IW

_ER. Z5 fl ZW

_ed composition. 8Z_ _5% IW

_ed composition. 130G _5% ZW

_ed. Wlre wound, I_ lOW

cad. Wire wound. Zfl lOW

Z

1

Z

1

1

1

Z



)

)

I 2

ITF.M REFER,
NO. DESIG.

NATC_

4-3S R4Z6

R437

4-36 R4Z?

R446

4-37 R4Z9

R448

4-38 R433

R416

4-39 R436

4-40 R434

4-41 R451

4-4Z R453

4-45 R454

4-44 R455

4-45 R451L

4-46 R445

4-47 T401

3

CLA_ STOCK
NO.

MFG. AND
PARTNO.

Ward Leonard

t0FI50

MIL

RC3ZGF68[K

MIL

RC3ZGFtZZK

MIL

RC4ZGFZTIK

MIL

RC3ZGFSIOJ

MIL

RC4ZGFlSIJ

MIL

RC4ZGF30Z]

Allen Bradley
JLU-1011 or

JA 1L040SI01U

MIL
RC4ZGFZ7ZJ

Ward Leonard

5X500

MIL

RC3ZGF561J

Ward Leonard
10F250

TTI 5486

4-481 TJ401-T3404

4-491 XF401-
XF404

I

H.H. Smith

Bussmann
HKP

McLean
ZEB508C

! 2

DESCRIPTION

3 4 5 6 7

R_SI_T_R. iF l_ed. Wire wound, I$0Q 10W

I

_slsrd

_slsrc

IE_IS' rc

]RE_IS rc

i

,idRm,_qR. FI

R HSI_[r CJR, [Fi_

I
I

RmIg[FOR, [Fi_

' i

IOI_EI

II
!

! I

l% IFI_

R, _i_

R, _I_

ed composition, 680fl i10% IW

ed composition, 1. ZK il0'_ IW

ed composition, 270g i10% ;*W

ed composition, SlQ ,_S_ IW

ed composition, 180fl ,,-5% 2W

ed composition, 3K ,_$% 2W

"ER, I00fl ZW, Linear Taper

ed composition, Z.TK _5% ZW

ed, Axiohm, 500_ 5W

ed composition, 560Q _5% IW

ed. Wire wound, 350Q 10W

(Black)

kS EI/IB _Y BLO VER

6

t_R

z

Z

1

]

i

1

.

_U_E.
MEN1
COOe

|

UNIT
COST
(_S_.)



ME-904

CHAPTER VI

WIRE LIST

6-1
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CHAPTER VIII

APPENDIX



TRANSISTOR POWER SUPPLY 

MEC MODEL 165-46 

1. GENERAL DESCRIPTION 

A Milgo type 165-4C Power Supply has three  outputs: the f i r s t ,  a t12v ,  ( t l v ,  -3v) a t  1 

ampere  output; the second, a -2Ov, (t2v, -6v) a t  2 amperes  output; and the third,  a -65v 

( 5 . 5 ~ )  a t  one ampere  output. The -65v supply is stacked on the bottom of the -2Ov supply, 

thereby giving an output of -85v. The a-c  input of this supply can va ry  f r o m  lOOvac 

to  130vac and f r o m  45 to 60 cycles.  

and has  a f ront  panel 8-314 inches high by 8-718 inches wide. 

35 pounds, 

The unit is mounted in a standard Milgo slide-type r ack  

Its  weight is  approximately 

2. 12v SUPPLY 

2-1 .  A portion of the output of t ransformer T401 is rectified by ab r idge  rec t i f ie r  CR401 

The voltage ac ross  capaci tors  

Trans is tor  Q401 and r e s i s t o r s  R402 and R403 

and f i l tered by r e s i s to r  R401 and capacitors C401 and C402. 

C401 and C402 i s  normally 20v (approximate).  

ac t  a s  a var iable  res i s tance  element in s e r i e s  with the output load, which can be var ied  to 

maintain a constant output voltage ac ross  a var iable  load. As the load cur ren t  i nc reases ,  

the effective res i s tance  of Q401 i s  decreased so that the IR drop ac ross  R402, R403, and 

Q401 will remain  constant producing a constant output voltage. If the input a - c  l ine voltage 

should increase ,  the d-c  voltage across  f i l tered capaci tors  C401 and C402 would inc rease  

and the effective res i s tance  of Q401 must increase  again so that the output voltage will r ema in  

constant . 
0 

+12v -2ov -85V 
ADJ ADJ ADJ 

165-4C 

Transis tor  Power Supply 
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2-2. The effective resistance of Q401 is controlled by the control section, consisting of

transistors Q402, Q403, Q404, and their associated circuitry. Q404 determines whether

the output voltage is too high or too low and is followed by power amplifiers Q403 and Q40E,

which amplify the control signal to the necessary power level for driving Q401. The base

voltage of Q404 is referenced from the output of 4.7v zener diode CR402. The emitter

voltage of Q404 is determined by the resistor divider network of iR413, R414,and R415. The

voltage from the wiper of potentiometer IR414 is applied to the emitter of Q404.

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of

R414 will also increase proportionally. Since the output across zener diode CR402 remains

constant as the output voltage increases, the emitter voltage tends to go positive with respect

to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less

collector current through R410, so there is less base current in Q403. The emitter current

of Q403 decreases, reducing the current through R407 and base current of Q402. With less

base current in Q402, the emitter current decreases, reducing the base current of Q401.

With less base current, the effective resistance of Q401willincrease. Therefore, the output

voltage decreases until Q404 senses the correct relationship between the output voltage and

the zener voltage of CIR402.

2-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the emitter of Q404 also decreases, tending to make the emitter more

negative with respect to the base. This increases the collector current of Q404, which in-

creases the base current of Q403, thus increasing the emitter current of Q403 and the base

current of Q402. This in turn increases the emitter current of Q402 and the base current of

Q401, which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage.

2-5. Since a portion of the output voltage applied to the emitter of Q404 can be varied by

potentiometer R414, and the emitter voltage of Q404 is to remain constant, the output voltage

must be changed as the resistor R414 is changed. In thismanner, the regulated output voltage

can be adjusted over a range of +9v to +13v. Capacitor C403 has been added to prevent hunting.

Resistors R402 and R403 are included to limit the peak current through transistor Q401 to a

safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and

Q402. Resistor R404 provides a path for the leakage current of Q402 so that this current does

not affect the base current inQ401, allowingQ401 to be more nearly cut off during a light load.

3. MINUS 20v SUPPLY

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier

CR421 and filtered by parallel resistors R431A and R42IB, and capacitors C421, C422, and

C423. The d-c voltage across capacitors C421, C422, andC423isB0v {approximate). Trans-

istors Q421 and Q423 with their associated resistors R423, R424, and R422 act as a variable

resistance element in series with the output load, which can be varied to maintain a constant

Page 2 of 7



outputvoltageacrossavariableload. As the load current increases, the effective resistance

of Q421 and Q422 is decreased so that the IR drop across R423, R423, R424, Q421, andQ422

will remain constant, producing a constant output voltage,

3-2. If the input a-c line voltage should increase, the d-c voltage across filter capacitors

C421, C422, and C433 would increase, and the effective resistance of Q421 and Q422 must

increase again to keep the output voltage constant. The effective resistance of Q421andQ422

is controlled by the controI section, consistingoftransistors(3423, Q424, and Q435 and their

associated circuitry. Transistor Q425 determines whether the output voltage is too high or

too low and is followed by power amplifiers Q424 and 0433, which amplify the control signal

to the necessary power level for driving Q421 and Q42.Z. The base voltage of Q425 is refer-

enced from the output by a 4.7v zenerdiodeCR422. Theemittervoltage of Q425 is determined

by a resistor divider network R434, R435, and R436. The voltage from the wiper of potentio-

meter R435 is applied to the emitter of Q425.

3-3. As the output voltage increases, the magnitude of the voltage from thewiperofR435

will increase proportionally. Since the output across CR42.2. remains constant as the output

voltage increases, the emitter voltage tends to become positive with respect to the base

voltage, driving Q42.5, which is an NPN transistor, toward cutoff. As Q425 goes toward

Cutoff, there is less collector current throughR431, and consequently, there is less base current

in Q424. With less base current in Q424, the emitter current of Q424 decreases. With less

emitter current in Q424, the current through 1R428 and the base current of Q423 also decrease.

This reduces the emitter current in Q423 and reduces the base current in Q42.1 and Q422.

!,essbasecurrentinQ42.1 and (342.2 increases their effective resistance, which increases the

IR drop across them. Therefore, the output voltage decreases until Q4Z5 senses the correct

relationship between the output voltage and the zener voltage of CR422..

3-4. Conversely, if the output voltage decreases below the desired value, the portion of

the output voltage applied to the emitter of Q435 also decreases, tending to make the emitter

more negative with respect to the base. This increases the collector current of Q425, in-

creasing the base current of Q424, which in turn increases the emitter current of Q42.4 and

thebase current of Q423. This, in turn, increases the emitter current of Q433 and the base

current of Q421 and Q422, reducing the effective resistance of Q4Z1 and Q422, and causing

the output voltage to return to its regulated value. Transistor Q425 is actually matching the

zener voltage to the emitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by

potentiometer 1_435, and the emitter voltage of Q425 is to remain constant, the output voltage

will have to be changed as the resistor R435 is changed. In this manner, the regulated

voltage of this supply can be adjusted from -14v to -2.2v. Capacitors C425 and C42.4 provide

feedback for stabilization purposes.

3-6. lResistorsR423andR42.4servetwofunctions. First, they force the collector current

of Q421 and Q42.2. to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop in their associated resistor would tend to reverse

bias the transistor with the most current and, in this manner, force the currents to balance.

Second, if the output supply is shorted, resistorsR422, R423andR424 limit the peak current

through Q421 and Q422 to a safe value while fuse F402 is melting. Resistor R4Z5providesa

path for the leakage current of Q423 so that this leakage current does not affect the base

current in Q421 and Q422. This allows Q421 and Q422 to be more nearly cut off during a

light load.

4. MINUS 65v SUPPLY

4-I. A third portion of the output of transformer T401 is rectified by a bridge rectifier

GR441 and filtered by resistor R441 and capacitors G441 and G442. The voltage across

capacitor G441 and G442 is normally 75v (approximate). Transistor Q441, and resistors

R442 and R443, act as a variable resistance element in series with the output load, which can

be varied to maintain a constant output voltage across a variable load. As the load current

increases, the effective resistance of Q441 is decreased so that the IR drop across R442,

R443, and Q441 will remain constant, producing a constant output voltage. If the input a-c

line voltage increases, the d-cvoltage across filtered capacitors C441 and G442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2. The effective resistance of Q441 is determined by the control section, consisting of

transistors Q442, Q443, and Q444 and their associated circuitry. Q444 determines whether

the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442.

These amplify the control signal to the necessary power level for driving Q441. The emitter

1voltage of Q444 is referenced from the output by a 12v zener diode CR442. The base vo rage

of Q444 is determinedbytheresistor divider network of R452, R453, and R454. The voltage

from the wiper of potentiometerR453isappliedtothe base of Q444. The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and

Q444 to less than 25v.

4-5. _stheoutputvoltageincreases, the magnitude of the voltage from the wiper of R453

will also increase proportionally. Since the output across zener diode GR442 remains

constant as the output volts increase, the base voltage tends to become negative with respect

to the emitter voltage, driving Q444 toward cutoff. As Q444 goes toward cutoff, there is less

collector current through R450 and less base current in Q443. The emitter current of Q443

decreases, reducing the current through R447 and the base current of Q442. With less base

current, the Q442 emitter current decreases, reducing the base current of Q441. With less

base current, the effective resistance of Q441 increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener

voltage of GR442.

4-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect to the emitter. This increases the collector current of Q444, increasing the

base current of Q443, and increasing the emitter current of Q443 and the base current of

Q44Z. This in turn increases the emitter current of Q442 and the base current of Q441, re-

ducing the effective resistance of Q441, and causes the output voltage to increase and to return

to its regulated value. Q444 is actually matching the zener voltage to the base voltage.

4-5. Since a portion of the output voltage applied to the base of Q444 can be varied by

potentiorneter R453, and the base voltage of Q444 is to remain constant, the output voltage

will have to be changed as the resistor R453 is changed. In this manner, the regulated output

voltage can be adjusted over a range of -60v to -70v. Capacitors C443 and C444 have been

added to prevent hunting. Resistors R44Z and R443 are included to limit the peak current to

transistor Q441 to a safe value if the output terminal is short circuited, and to provide re-

verse bias for Q441. Resistor R444 provides a path for the leakage current of Q442 so that

this current does not affect the base current in Q441. This allows Q441 to be more nearly

cut off during a light load. This -65v power supply is stacked on the bottom of the-Z0v supply

giving a combined output of -85v.
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- 2 5 0 ~ .  - 5 6 0 ~  POWER SUPPLY 

MEC MODEL 1576-3A 0 
1. GENERAL DESCRIPTION 

1-1. The -250v, 25Oma, -560v, 15ma, Power Supply has  3 outputs, -250v, -560v and 

12.6vac, cen ter  tapped, which is capable of furnishing 7 amperes  to external f i lament 

c i rcui ts .  The  p r imary  windings of t r ans fo rmers  T301 and T302 a r e  tapped to compensate 

f o r  high o r  low line voltages.  If the line voltage is predominantly high, ( 1 2 5 ~  o r  grea te r )  the 

taps  should be moved f r o m  te rmina l  3 to terminal  4 .  

the taps  should be moved f r o m  terminal 3 to terminal  2. An a m b e r  indicator DS302, labeled 

FILAMENT and a red  indicator DS301, labeled PLATE indicate that t r ans fo rmers  T302 and 

T301 have been energized. Input and output fuses ,  and a -250v adjust  potentiometer,  R32 7 

a r e  provided. The output of t ransformer T301 i s  full wave rectified by sil icondiodes CR301 

through CR308, f i l tered by inductor L,301, capaci tors  C301, C305 and C306, and applied to  

the plates  of s e r i e s  regulator tubes V301-V303, which regulate  the output to -25Ov. Res is tors  

R301 and R302 insure  equal division of voltage between capaci tors  C305 and C306. 

If thel inevol tage is low ( 1 0 5 ~  o r  l e s s  

1-2. Theou tpu t f romte rmina l5  of T301 i s  applied to a negative half wave rect i f ier  con-  

s is t ing of silicon diodes CR309-CR312, then on to a f i l t e r  consisting of inductor L302, 

capaci tors  C302-C304 and C307, and res i s tor  R305 and applied to VR tubes V306 and V307, 

which are  placed a c r o s s  the -250v, -560v outputs. Res is tors  R303 and R304 insure  a n  equal 

division of voltage between capacitors C303 and C304, and r e s i s to r  R332 insures  proper  

f i r ing  of the VR tubes when power i s  turned on. 

-250v, -560v Power Supply 
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2. DETAILED DESCRIPTION

The -310v generated by VR tubes V306 and V307 of the -250v Power Supply is applied to

a resistor divider consisting of resistors R326, R327 and R328. This resistor string com-

pares the VR tube output to the -250v output. The error voltage appearing on the wiper of

potentiometer R327 is amplified by tube V305 and directly coupled to amplifier tube V304

which in turn drives the grids of the three series regulator tubes V301-V303. If the -250v

output increases, pin 7 of V305 goes more positive with respect to pin 8 of V305. Pin6plate

of V405 becomes more negative, and the pin I plate of V40Sbecomes more positive, causing

the plates, pin I and 6 of V404 to become more negative. This causes the grids of the three

regulator tubes to become more negative, and since these regulators act essentially as

cathode followers, their cathodes also become'more negative, thereby reducing the output

voltage. Similarly, if the output voltage were to go negative, the grids of the three regulator

tubes would go positive tending to cause the output voltage to remain constant. Should a

change occur in the -560v power supply voltage, the -250v Supply will change proportionally

due to the resistor divider R326, R327 and R328, thus keeping the supply voltages to the DC

Amplifiers balanced.
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t25Ov POWER SUPPLY 

MEC MODEL 1576-4A 

1. GENERAL DESCRIPTION 

The t250v, 250ma Power  Supply has  two outputs, t250v and 12.6vac, cen ter  tapped, which 
is capable of furnishing 7 amperes  to external f i lament  c i rcui ts .  The p r imary  windings of 

t r a n s f o r m e r s  T401 and T402 a r e  tapped to compensate f o r  high o r  low l ine voltage. If the 

l inevol tage is predominantlyhigh, ( l 25vor  g rea t e r )  the taps  should be moved f r o m  te rmina l  3 

to te rmina l  4. If the  l ine voltage is low, (105vor  l e s s )  the taps  shouldbemovedfromterminal 

3 to  te rmina l  2. Anamber  indicator,  DS402, labeled FILAMENT and a red indicator,  DS401 , 
labeled PL.ATE indicate that t ransformers  T402 and T401 have been energized. Input and 

output fuses  and a t250v adjust potentiometer R423 a r e  provided. The  output of t r ans fo rmer  

T401 is full-wave rectified by sil icon diodes CR401 through CR408, f i l t e red  by inductor L401, 

capaci tors  C401-C403 and applied to the plates  of s e r i e s  regulator tubes V401-V403, which 

fu rn i sh  a regulated output of t250v. Resis tors  R401 and R402 insu re  equal division of voltage 

between capaci tors  C402 and C403. 

2. DETAILED DESCRIPTION 

The -250v generated by the -250v regulator section of the -250v Power  Supply is applied to  a 

r e s i s t o r  divider consisting of r e s i s to r s  R422, R423 and R424. This  r e s i s to r  s t r ing  com- 

p a r e s  the t250v output to  the -250v output. The e r r o r  voltage appearing on the wiper of po- 

tent iometer  R423 is amplified by tube V405 and direct ly  coupled to  amplif ier  tube V404 which 

in tu rn  dr ives  the gr ids  of the three  ser ies  regulator  tubes V401-V403. output 

increases ,  becoming m o r e  positive, the pin 6 plate of V405 becomes m o r e  negative, and the 

pin 1 plate of V405 becomes m o r e  positive, causing the plates ,  pin 1 and 6 of V404 to  b e c o m e  

m o r e  negative. This  causes  the g r ids  of th ree  regulator  tubes to become m o r e  negative, and 

since these regulators  act  essentially as cathode followers,  the i r  cathodes a l so  become m o r e  

If the t250v 

POWER SUPPL 

t250v Power Supply 
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negative, thereby reducing the output voltage. Similarly, if the output voltage were to go

negative, the grids of the three regulator tubes would go positive tending to cause the output

voltage to remain constant. Should a change occur in the -250v power supply voltage, the

÷250vsupplywillchangeproportionallydueto the resistor divider R422, R423 and R424, thus

keeping the supply voltages to the DC amplifiers balanced.
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TN46 DUAL EMITTER FOLLOWER

A TN46 consists of two PNP transistors connected as independent emitter followers. As

normally used, a supply voltage is connected to pins 1 and 4 with plus side on pin 4. As the

input signal voltage at pin Z is varied between the voltages of pins 4 and I, the transistor

will conduct and the voltage at the emitter, pin 3, will vary with that of the input voltage,

being approximately 0. Zv more positive than the voltage at pin "Z. Since a transistor has

power gain, a lower impedance load can be driven from pin 3 than could have from the input

signal that is applied to pin Z. The second section is identical to the first section described.
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TN57 DUAL PULSE AMPLIFIER

TN57 contains two PNP transistors connected as two independent conventional amplifiers.

Only one of these will be discussed since the other is identical to it. As normally used, a

supply voltage is connected to pins 3 and I with the plus side on pin 3. Pin 2 willbe the input

and pin 4 the output. As long as pin 2 is more positive than pin 3 the transistor is cut off

and the voltage at pin 4 will be the same as the voltage at pin I. "When pin 2is approximately

.5v negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will go

positive until it saturates, approximately .ZSv more negative than the emitter. Cautionmust

be used to connect an external base resistor in series with pin 3 to prevent damage to the

transistor. The value of the external base resistor is dependent upon how negative the driving

voltage goes and upon the external Ioad'that is connected to pin 4. To insure saturation the

base current should be at least 1/20th of the collector current.
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D
TN58 DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers. As

normally used, a supply voltage is connected to pins 4 and I with the plus side on pin 4. As

the voltage at pin Y. is varied, between the voltages at pins 4 and I, the transistor will conduct

and the voltage at the emitter, pin 3, will be approximately. 4v more negative than thevoltage

at pin Z. Because of the power gain-of the transistor a lower impedance load can be driven

from pin 3 than could have been driven from the signal applied to pin 2.

D
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TNI34 GATED OSCILLATOR AND SQUARING CIRCUIT

The TNI34 is a gated oscillator {80 cycles to 5 kilocycles per second), which can be

turned on or off by an external switching circuit. The oscillator section {Q2) is followed by

two emitter-followers {Q3 and Q4) and one squaring amplifier {Q5), which amplify and clip

the slgnal so the output is a square wave. The oscillator tank circuit consists of an external

inductor, connected between pins 2 and 5, and external capacitors C1 andCZ. The oscillator

is turned on by clamping pin 3 to the minus supply voltage, and is turned off by clamping

pin 3 between -iv and 0v.

When the voltage at pin 3 equals the minus supply voltage, the input transistor QI, will

be at cutoff and will have little or no effect on the oscillator transistor QZ. The base of Q2

is returned to a minus voltage, cutting off Q2 and sending the tank circuit into oscillation.

The first half cycle of the tank circuit applies a positive voltage to the junction of C1 and C2,

keeping Q2 cut off. C1 and CZ will be partially charged during this positive going portion of

the cycle by current through R6. As the oscillation in the tank circuit reverses, the junction

of CI and C2 tends to become negative, driving QI toward saturation, and pulling the tank

circuit negative" through pin 5. When Q2 saturates the junction of CI and C2 is no longer

driven negative and Q2 cuts off, starting the cycle over again.

The phasing of the drive into Q1 is such that the tank circuit is pulsed at the proper

portion of its cycle to maintain oscillation. The voltage across the tank circuit, pin 5, is

coupled to the base of emitter-follower Q3. Q3 drives another emitter-follower Q4. Q4, in

turn, drives amplifier Q5from cut-off to saturation. The resultantwaveform at the collector

of Q5 is a square wave which goes from the minus supply voltage to approximately 0v at the

same frequency as the oscillator. When the oscillator is switched off again by the pin 3

voltage approaching 0v, Q5 will saturate and the output will remain at 0v. The supply

voltages may be -Z5 and +15v, -Z0v and +IEv, or -15 and +10v.
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